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UWS. NEW MEXICO." 


By ComaManpeR S. M. Rosinson, U.S.) AND 


aft 
is orle-of three: vessels authorized: by.an ‘Act of! Congress ap- 
proved June 30, 1914. She is officially known as’ Battleship 
No.: 40; and: is: a sister ‘shipvof the U: S. S. Mississippi’ and 
which are equipped with direct-drive Curtis 
and: Parsons: turbines, respectively, ‘arid geared 
turbines, 
The contract for ‘the electrical propelling machinery: for the 
the General ‘Electric’ Co.; June 3, 
1915, at aicost of $431,000.00, months’ later, Octo- 
The New Mexico was launched ‘April 23, 1917) was 
commissioned on May'20, 1918, since ‘which date she has been 
‘subjected’ to numerous and exterisive tests, as noted elsewhere. 
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PRINCIPAL HULL, DIMENSIONS. 


Length between perpendiculars, feet and inches. } Peres 600-0 
on L.W.L., feet and inches. ...... 600-0 
over all, feet and inches.. 
Breadth, extreme, on L.W.L,., feet and inches 
molded, feet and inches............ 
Depth molded, main deck at side M.S., feet and ‘iehies 
Draught, mean; to L.W.L., feet and inches 
Displacement corresponding, tons 
per inch at L.W.L., tons............... 
Ratio of length to beam 
Coefficient of fineness, block 
midship section 
‘L:W.Le plane 


GENERAL DESCRIPTION OF HULL. 


In profile the New Mexico closely resembles the Pennsyl- 
vania class. She has one smoke pipe, four turrets and two 
masts of the customary cage type, which are provided with 
spotters’ tops, wireless, signal yards, etc. There are eight 36- 
inch searchlights, four on each mast, and four 24-inch signal 
searchlights mounted on the signal bridge. 

Superstructure Deck and Bridges—The superstructure 
deck extends from turret II to frame No. 87. On it are 
mounted four 5-inch guns, the anti-aircraft guns, saluting 
guns, stowage of boats, foundry and blacksmith shop, deck 
radio station, etc. Above the superstructure deck is the bridge 
deck, where the chart house is located. The navigating 
bridge is on top of the chart house and just behind the ieee’ 
tower. 

_ Upper. Deck.—This deck extends from. bow aft about 

half the length of the vessel. Forward are the windlass, an 
electric deck winch and turrets I and II. Aft of the turrets a 
portion of the 5-inch battery is mounted in a casemate, which 
also contains the officers’ and crew’s galleys, butcher shop, 
bakery, etc. 

Main Deck.—The main deck is a wisitiies: deck abaft the 
break in upper deck. In the covered portion forward are 
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crew's quarters, and aft on the weather portion are turrets 
III and IV, two electric deck winches and an electric capstan, 

Second Deck.—From: forward: aft are located. chief petty 
officers’ quarters, sick, bay, crew’s, space, junior and warrant 
officers’ quarters, wardroom officers’ quarters, and the - 
tain’s and Admiral’s quarters. 

Third Deck.—On this deck,. eink, forward, are stores, 
windlass machinery, prison;. firemen’s, ‘washrooms, copper- 


rooms, laundry, geneial workshop, engineer’ issuing 
room, crew’s space, provisions, and wardroom staterooms aft. 

The first and second’ echo ‘and ‘the hold are next below 
in the order named. | 


COMPLEMENT. 


The ship’ s normal complement, not ‘including additional 
personnel for flagship, is approximately as follows: 


Commanding officer ....... 

Warrant officers ee ; 


i} 


Crew, including chief petty, officers... 


3 BATTERY, 


The. main, battery: comprises twelve \4-inch 
in ‘four three-gun turrets along the center line of the :vessel. 
Turrets I and II are grouped forward.on the upper deck, the 
latter firing over the top of the former,,and IV and Ill are 
similarly arranged on the main deck aft. 

The secondary battery, of fourteen 5-inch rapid-fire guns 
for torpedo: defense, is‘divided: starboard and port'as follows: 
perkt tert 
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The 5-inch battery is served by’eighteen electric-chain am- 
munition hoists; each driven by’a 3-horsepower motor: 
The following smaller guns are also'provided:) 

4 6-pounder guns for saltiting; 
2 1-pounder guns for boats; 
0:30-caliber machine guns. 
~The torpedo equipment consists of four’ 6. 8-meter by 21- 
inch submerged torpedo tubes. 


SMALL, BOATS 


The small boats constitute the ship’s 
60-foot. steamers ; 

35-foot motor 

50-foot motor sailing launches; 
40-foot motor sailing launches; 
40-foot Admiral’s barge; 
31-foot racing cutter; 

30-foot whale boats; 

20-foot dinghies ; 

2 14-foot punts, 


All boats are carried on the superstructure deck,. port and 
starboard, except the whale boats, which are hung in davits 
at the ship’s side abreast the after cage mast. : 

‘Two. electrically-operated boat’ cranes are: provided’ ‘Ror 
handling all boats, except the whale boats. Each ‘crane ‘has 

two operating gears, one for turning and for 


ANCHOR WIN DLASS, 


pra wiedlain by the 
ing Co.,.is located on the upper deck forward, with driving 
gear below on the first platform. The windlass driven by 


U. NEW MEXICO. 


349 


two 125-horsepower motors, through worm gearing and shaft- 
ing, and so arranged that the wildeatscan # be operated to- 
gether or of each. 


DECK WINCHES. 


Three electric-driven, pera di winches are 
provided, one forward on the upper deck, abaft of the wind- 
lass, and two'aft of the main deck, port and starboard, for- 
ward of turret III]. They are of the American Engineering 
Co.’ 's type, each driven by a 45-horsepower motor) © 


CAPSTAN, 


An American Engineering Co.’s ‘electric dei is located 
on the main deck, center line, abaft turret IV; with driving 
motor below on the third deck. dis Compound’ peated and 
driven by a motor.” 


STEERING GEAR; 


steering gear is of the Tool 


fitted in duplicate. 


LAUNDRY. . 


The laundry is located on’ the third! eek) lesalbaaine side, 


midship. It is equipped’ with’ all 
motive being electricity : 


Universal presses ; 
Combination i ironer ; 
1 Flatwork ironer; 
1 Collar shaper; eo 
Extractors; 
1 Drying room,’ 5 ‘drawers; 
1 Washer; 
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— - 
> 
/ 
i 
iy 


°S. NEW MEXICO. 


Troning table; 
1 Starch’kettle;- 
1 2-compartment tub; 
3 tubs, 


GALLEY 


y Salles officers’ galley is + equipped with oil: 
burning. range of four sections. 
Crew's Galley. —In the. crew’s galley, are. ‘installed the fol 
lowing: 
1 oil-burning range of eight ‘sections ; 
4,steam-jacketed, copper kettles (80 gallons each) ;_. 
2 steam-jacketed copper kettles (60. 
coffee urns, 100 gallons each; 
1 electrically-driven meat grinder; see) 
1 electrically-driven kitchen and cake machine; 
1 hand operated meat slicer; 
Bakery.—The equipment in the 
2 No.1 U. S. ‘Navy ‘electric bake ovens; 
1 steam box; 
‘2 portable troughs; 
1 .electrically-driven kitchen,and cake machine ; 
Miscellaneous equipment located as noted: 
1 electrically-driven potato peeler, in room; 
1 electrically-driven dish washer, capacity - 6,000 pieces per 
hour, in general mess pantry ; 
4 warming ovens, in serving room; 
1 electric butter slicer, in general mess issuing room. 


GARBAGE PLANT... 


For disposal of garbage, one oil-burning incinerator is lo- 
cated on the superstructure deck; cas - the smoke Pipe, 
starboard side. 
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SYSTEM.) 


"The four. fire and bilge pumps, in the. center. engine room 
have 5-inch suctions from the after drainage system, which 
serves compartments aft of number three fire room. 

The main circulating pumps, also located in the center en- 
gine room, are arranged for, pumping on the engine-room 
bilges in emergencies, There are two bilge connections. for 
the center engine room, and one for each wing engine com- 
partment ; each connection is 21 inches diameter. : 

Each fire room is normally drained by the fire and. bilge 
pump located therein, For extreme emergencies two. electric- 
ally-driven, vertical, centrifugal pumps are provided for each 
fire room, with driving motors, 39-horsepower each, located 
above on the third deck. These ‘pumps have 12-inch suctions 
and 10-inch, discharges. 

The drainage of compartments forward, except py forward 
dynamo room and double-bottoms beneath, is handled by an 
independent system, served by a horizontal, motor-driven, 
centrifugal pump. , The driving ‘motor is 22.3-horsepower. 


The latter are drained. by the fire and, bilge pump in fire. room 
No. 1. 


IRE MAIN. 

The’ main is seven and bilge pumps, 
located in the center engine room and fire rooms. ~— 

The main is entirely below the third deck and extends 
throughout the machinery spaces, close under the deck, in two 
8-inch lines, port and starboard. " It ‘is’ cross-contiected at the 
forward and after ends, and in the engine compartmenits, and 
supplied. by 5-inch risers from the fire and bilge pumps, with 
cutout valves at the main. From the forward and after cross- 
connections, 5-inch branches extend in single line forward and. 
aft, reducing in size at the ends 4 to fire 
plugs are provided as. mov 
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On the main deck forward is.a connection to the independ- 


ent sanitary system for the crew’s water closets and wash- 
room. ‘There i is a stop valve where it joins ihe latter. 4 


SANITARY: SYSTEM. 
“The sanitary main is 5 inches in diameter, and is supplied 
by five 5-inch ‘risers from the fire and bilge pumps, a 5-inch 
connection from the fire main in the center engine room, and 
two 5-inch by-passes, one. Aorward and « one aft, from. the fire 


main. 


“Brariches, as required, are led to the chief petty officers’ 
washroom and water closets, sick bay, bath, laundry, general 
mess pantry, galleys, bakery, firemen’s washrooms, junior, 
warrant and lavatories and watet closets, 
ete 

Forward there is an independent system for the exclusive 
use of the créw’s washroom and water closets. ‘This system 
is supplied by two 9.3-horsepower, motor-driven, diréct-con- 
netted, centrifugal pumps, of about 500 gallons per minute 
capacity each. The main is 5 inches in diameter, evens the 
sasnausad branches to the plumbing fixtures. 


FRESH hic SYSTEM. 


fresh-water tanks are provided: 


ti 


attendants’ washroom. ‘supply. tank... 100. 
Chief. petty officers’ washroom supply. sane) "160. 

Firemen’s washroom supply tank......... 
Battle-dressing station supply tank. .....<..,,. 250 

_,Crew’s washroom. KAS 4b 450 


~The ship’s tanks have 214+inch connections’ from the 


ship’s sides, and also’a 214-inch connection from the distiller 
-. main. From these tanks water is' pumped through the’ fresh- 


Gallons, 
q 
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trifugel pumps of capacity per minute each, driven 
by snotors of 7.75-horsepower each. Branches are led as re- 
quired from the main to the various lavatories. — etc., 
and small gravity tanks enumerated above. 24744’) 


REFRIGERATIN G PLANT. 


“The jce-machine room. is on, the second platform, port side 


2 Kroeschell, ‘vertical, Co, com- 
_ Pressors, each capable of producing the ice-melting ef- 
~ fect of 6 tons of i ice per day. ’ Driving motors, 15-horse- 
power each. 

2 Brine-circulating pumps of. the horizontal,. motor-driven, 
centrifugal type. Driving motors, 3-horsepower each. 

2 Water-circulating pumps of: some: type and. — as 

1 Double-pipe, horizontal, CO, condense. 

2. 9-can ice; boxes. 

1 Ice cream 

400-quart box. ie cream, 

2 Scuttle-butt! coils: rivitty 


The cold-stofage compartment is located ¢ on the third deck, 
immediately above the ice-machine room, and consists of four 
rooms, one each. for meat, ‘butter, officers, and the crew, ‘the 
latter serving also as. vestibule. The. rooms are heavily in- 
sulated and fitted with “cooling. coils, of. 1 ¥-inch “galvanized 


iron pipe, The following data i is given. for, the. cold-storage. 
compartments : 


best aigs srl 
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Cooling surface Temperature. 
"Volume, of coils, tobe 


2800 40°F. 


Except the ice ein: which : are nlite cooled by CO, coils 
submerged in a brine bath surrounding the i ice cans, the plant 
is operated on the brine-circulating system.’ The’ brine is 
cooled in the cooling tank, also provided with ‘CO, coils, sub- 
merged in the brine, and then circulated through the system 
by the brine-circulating pumps. . The, return. brine i is Jed back 
to the cooling tank, where it is again ‘cooled and the ‘cycle 

repeated. 


RESERVE FRED TANKS AND ‘CONNECTIONS. 


Ba to intnsive, are 
fitted up as reserve feed tanks, 

The tanks are filled through eee pipe fitted with two 
21-inch ‘hose connections at'the ship’s sides, port and star- 
board, and connected to the combined ine and suction. mani- 
fold in fireroom No. 2. TH ff1s919 99 

There is also a 24-inch filling pi pipe distiller fresh- 
water main, which is led’ to the same manifold. From the 
manifold 4-inch combined filling and’ suction’ ‘pipes are led’ to 
the bottom of each tank. 

“There is a “4-inch main between the manifold and the aux- 
iliary-feed pump “suctions, so that the auxiliary-feed pumps 
may draw from any ‘tank, “The auxiliary-feed pump in fire- 
room No. 2 is arranged to draw’ ‘direct from any tank and dis- 
charge to any ‘other tank. ‘The reserve feed pump in the en- 
gine-room also has a 4-inch suction from the manifold, for 
drawing water direct from any tank and discharging’ same to 
the main feed tanks. 
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jetitilation’ is provided where necessary for all 
quarters, living spaces, passages, storerooms, magazines, en- 
gine’ rooms, dynamo rooms, evaporator'toom, 

In general air is supplied on'thé' plenum system to the dif- 
ferent, compartments, requiring ventilation. . toilet spaces 
are also, provided..with. the 

_ The ventilating, fans.are of the B, F. Sturtevant. 
type, driven, G.. for.a few. minor 
exceptions.) 

sens below the main deck, crew’s space, etc., for heating the 
incoming air in cold weather; no other heating, inhale 

oft ner 


"HEATING 


All: (except, the s, admiral’s 
chief-of-staff’s. quarters ),.crew’s space, etc., are heated 
by the thermo-tank ventilating system; heater boxes, provided 
with suitable steam coils|are placed in the air. duct. for heat- 
ing the air supplied to. these compartments. . ‘The, heater boxes 
are of the Zimmerman. type, as, manufactured. by the Schutte- 
Koerting Co.) The,remaining portions of, vessel, except 
the-turrets, torpedo room and_.charthouse,, which are provided 
with, electric are, by, ‘the customary, 
The heating. is, divided into.two, ‘main sections, one 
forward and one aft... The former takes steam from the; aux- 
iliary, steam pipe in fireroom. No. 1, and. the,latter from. the 
auxiliary steam pipe in the center engine room. Stop and re- 
ducing valves are fitted at, the branches. from abe 
The galley. is) off the auxiliary , in 
Nos, 2 and. 3;,a.stop, valve a. valve are 
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The drains from the:heating system and galley are led to 
suitable traps, which discharge to the ra and A tanks 
and condensers. 


it 


MAIN PROPELLING. AND. MAIN, AND. 
Hb SWITCHBOARDS, (ie #i tis ints 


The main propelling: machinery ‘of the New Mexico con- 
sists of two alternating-current turbo-generators, four’ induc- 
tion motors, two 300 kw. direct-current generators: for ex- 
citation and’ motor-driven auxiliaries, two’ motor generator 
boosters, a main switchboard, an exciter switchboard, iven- 
tilating blowers for the main motors, ‘and ‘the necessary ‘wire 
and cable for ane and motors: to: 
switchboards. 

The weight of the ot spare 
parts, is about 500 tons. This is about 215 tons less than the 
weight of the Mississippi, a sister ship of the New Mexico. 

A ‘section of the main turbine is’ shown itt Figure’1,' It is a 
10-stage, G. E.-Curftis turbine. “The first stage is velocity 
compounded, having two rows of ‘moving ‘buckets, and the 
other stages are pressure cOmpounded, “having a single tow 
of moving buckets. The wheels are’ pressed on 'to’ the shaft 
and keyed. The tenth-stage wheel secures agaitist a Shoulder 
on the shaft and the first-stage wheel is secured by.a crosskey 
in the wheel and shaft, thus preventing fore and aft ‘motion 
of the wheels: ‘The wheels are separated approximately .01 
inch by crushing pieces inserted between the ‘wheels: “The 
blades are secured to the wheels by dovetails, as shown in Fig- 
ure 1. All stages except the first have complete ‘peripheral 
admission. The admission nozzles are cast into diaphragms 
which separate the sttécessive ‘These diaphragms are 
split through ‘the horizontal plane and are secured in’ the 
casing against shoulders. The lower half of each diaphragm 
may ‘be’ rolled’ out ‘without lifting’ the rotors.’ “When ‘the 
casing is lifted, the top half of the’ diaphragm may ‘be low- 
ered by backing off a screw on éach side? which ‘takes’ the 


7 
. 
q 
4 
° 
a . 
a 
q 


Un SoS NEW 
MEXICO. 


358 NEW MEXICO. 


weight of the diaphragm when it is lifted from the lower half. 
Leakage past diaphragms, along.the shaft, is prevented by 
packing rings of the labyrinth type, miade of soft brass. The 
intermediate segment, carrying stationary blading, in the first 
stage of the turbine is secured by conical-headed bolts through 
the turbine casing, thus preventing any danger of these coming 
loose and getting into the moving parts of the machinery. 
The first-stage expanding nozzles are secured by counter- 
sunk, cheese-headed screws; sufficient metal is peened over 
the heads of these to prevent them from getting into the ma- 
chinery in case of breakage. The turbine casing is split in a 
horizontal plane and also in a vertical plane at both high- 
pressure and low-pressure ends. This makes it possible to 
lift off the portion of the turbine casing covering the blading 
_without disturbing the exhaust trunk of the turbine and also 
without removing the steam chest at the high-pressure, end of 
the turbine. “Phe shaft openings in the casing at each end are 
sealed by labyrinth packing rings which are, supplied with 
sealing steam from the turbine itself when the turbine is loaded 
sufficiently to give high steam. pressure. for this. purpose; 
when the pressure falls too low, sealing steam is suppliéd from 
the main steam line through a reducing . valve. There is an 
unloading valve on the steam-sealing line» between the 
high-pressure end and low-pressure end which’ maintains the 
proper pressure on the sealing line by spillingythe excess 
steam into the eighth stage of the main turbine. . The turbine 
casing is drained through valves, by a drain pump located in 
the center engine room. *The tutbine i is coupled to its genera- 
tor by a flexible coupling which is totally enclosed by a 
housing. . The’ turbine is provided with a bearing at 
each end mounted on brackets which are integral with 
the turbine casings. The bearings, which are of the 
self-aligning type, are stipplied with forced lubrication 
from pumps located.in the center engine room. These 
pumps also supply oil pressure-for operating the main gover- 
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nor hydraulic’ relay. ‘The bearing ‘at\the high-pressure 
carries the turbine thrust bearing, which is of the’ plain collar 
type. . The outside shell of the thrust bearifig’is provided with 
worm and ‘worm wheel attachment for moving the turbine in 
the fore-and-aft direction, to give ‘proper clearance between 
the buckets and nozzles. There is a — indicat: at the 
erid of the turbine shaft. paries! 
‘The turbine casing has two openings, one into the fifth: ail 
one into the eighth stage, for the admission of exhaust steam, 
either from the exciting units or from the exhaust line of the 
ship. These openings are provided with stop check valves 
and also automatic trip valves.’ The exhaust’ line is also 
provided with a valve for by-passing exhaust steam to 
the condenser when desired. This valve ‘can be locked 
open by hand so that the exhaust steam’ passes direct to 
the main condenser; it is also spring-loaded and set at ten 
pounds so that pressure in excess of this will relieve itself into 
_the main condenser; it is also directly operated by the main 
turbine governor so ‘that when the main turbine governor 
closes all valves'on the steam chest, further motion of’ it will 
open this: by-pass valve, thus admitting the exhaust steam 
direct to the condenser and by-passing the main turbine. The 
stop valves are provided so that steam can be admitted to either 
stage as desired, and the check feature is added to prevent 
steam by-passing from the fifth stage to the eighth stage in 
case both valves should ‘be opened and the’ steam in the>fifth 
stage of a higher pressure than that corresponding to the aux- 
governor. 
The emergency governor is a to the main 
shaft and held in place by a spring; overspeeding the turbine 
will force this weight out against the pressure of the spring, 
tripping ‘the trip valves of the fifth and eighth stages of the 
turbine and also tripping the main throttle valve, thus’ shutting 
off ‘all sources of ‘supply of ‘steam tothe turbine. These 
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engine TOOm,. ort 
The main is a worm gear the high- 
pressure end of the turbine shaft. It.is.of the flyball type, the 
weights being mounted. on knife edges and working against a 
spring. This governor is adjustable and.can be set to give any 
desired speed from’700 revolutions to 2,200. revolutions, and 
when once. set will, that of 
in load, 
is shown in Figure 2.. The governor weights operate a pilot 
valve of a hydraulic relay, which,.in turn, admits oil pressure 
to a piston driving a rack; this, in turn, drives a pinion which 
is mounted on.a camshaft; motion of these cams opens. succes- 
sive valves in the. steam chest-of the turbine, thus admitting 
the desired amount of steam. This control mechanism for the 
governor is moved from the center engine room by means of 
rods and bell ‘cranks, as indicated in Figure 2... The effect. of 
the. motion, of, this. transmission. system. is to shift the ful- 
crum about which.the governor weights act and thus ‘to give a 
different speed for each setting of the fulcrum. Ini addition to 
the system of bell cranks.for setting the fulcrum, there. is 
another system of bell cranks and.rods coming from the center 
engine room. which operates a stop.shown diagrammatically 
in Figure 2... The effect ofthis stop is to limit the motion.of 
the governor for.any. given setting, and’ thus limit the amount 
of steam that the turbine can. take. for that. setting.:. This steam 
limit is necessary, in connection with the maneuvering of the 
ship, as will be explained later on in this article. 
_ A. cross section.of the main generator.is shown. in Figure 
3, and. the assembled. rotor is shown in Figure 4. ‘The gen- 
erator is normally rated, at 11,500 kw, at..80 per cent, power 
factor, and has.an overload srating of 25,per cent. , Jt is quar- 
ter-phase, two-pole, and designed to run at about 2,100, r,p.m. 
_ The: stator windings of..the ;two) phases are. arranged ‘as 
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shown in Figure 5. Bothjends.of each.independent winding 
are brought the: ‘terminals,.of a,double-throw; switch; this 
switch, when‘;in,,one throw,) puts..the ..winding,;in the 
diametral or parallel connection, and with the, generator, oper- 
ating at designed speed and, field strength, gives /,000 volts ; 
with the, switch the, other,,.throw,  the,,. windings are 


att to Sots 
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Frc, Connections. 


thrown into the square or series connection and this arrange- 
ment at designed field and speed of the generator gives 4,242 


volts. | 


e windings : are arranged in this way ‘so as to give 


the maximum efficiency of the generator when one generator 
is driving four motors and also when it is ‘driving only two 
motors. In’ the first case the low-voltage’ ‘connection i is usea 
and this’ utilizes the increased current path when using four 
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motors. When’ using the high-voltage connection; only two 
motors are driven’ from one generator; thus cutting the’ cur- 
rent path'down to olie-half its value in’the other case. The 
switch for making ‘this charige in “ set-up” is mounted on the 
outboard ‘bulkhead of'the center engine’room and is operated 
in the center engine room,'and is called the generator discon 
necting switch, 

The generator sotors fire designed with a large margin in 
regard to heating in order to take care of the condition that 
exists in backing when over-excitation is applied to the main 
field. The slip.rings for admitting exciting current to the 
‘field are external to the bearings, thus reducing thevlength. of 
the rotor. The generator rotor has fans attached to each end 
of it for supplying the necessary air for cooling the generator ; 
the.outlet for this air is:through an exhaust duct to the main 
deck of the ship. The rotor is a.solid steel forging having 
radial slots machined in it to. secure the rotor windings. The 
rotor windings are insulated by mica and asbestos. 

The insulation of the main generator stator consists mainly” 
of mica with fibrous miaterial on'the énd windings. The entire 
insulation of the coils is treated to make it-moisture proof. 
Generator stator windings are provided with thermo-couples 
for measuring rise in temperature; the leads from these 
thermo-couples are ‘taken to Te main avitctibrars in the cen- 

The generator bearings are of sienithe design to the tagbine 
bearings. They are supported on pedestals which are mounted 
on foundations built in the -~ ‘and are not attached to the 
generator casing. 

Excitation for the ‘generator is provided the 
generator sets located i in the center engine room and by motor- 
generator boosters. The field current. comes. from the. 300- 
kw. generator and. passes. in’ series through | the armature of 
the generator | of the booster. Therefore, Af. the, yoltage ¢ of, the 


booster generator, is ‘varied, 1 the. voltag e imposed. ¢ on the slip 
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_ Tings of the generator field will also be varied. ‘ihe booster 
_ generator is arranged so that its voltage can be either added 
to or subtracted from that of the 300-kw. generator, thus 

giving the desired range of field control of the main genera- 
tor without changing the voltage of the 300-kw. generators. 
The field of the main generator is opened and closed by the 
main field switch located on the exciter reagent i in ‘the 

center engine room. 

The 300-kw. generators for supplying excitation a power 
for the motor-driven engine room auxiliaries are similar to 
the ship’s power and lighting sets, but the turbines are single- - 
stage instead of three-stage, and are designed to. exhaust 
against a back-pressure; they normally exhaust into the main 
turbine casing as previously explained in this article. ‘The 
power required for excitation is about-55 kw., so this leaves 
about 245 kw. to be used for the motor-driven engine-room 
~ auxiliaries, which are the main circulating pumps, main air 

_ pumps, main condensate- ‘pumps, forced-lubrication pumps, and 

- motor-driven ventilating blowers for main motors. 

The details of the main motors are shown in Figures 6, 7, 

8,.9, 10, and 11. The motors differ more. than any other 

part of the machinery from ordinary commercial practice. 

It is believed that these are the first motors of this type to be 

built. They are rated at 7,250-H.P, each, at 167 revolutions, 

which corresponds to a speed of 21 knots of the ship. 

_ The motor-stator windings are arranged to provide for pole- 
changing, and there are pole-changing switches located in the 
center engine room. One throw of these switches will give 

24 poles on the stator of the motor and the other throw of the 

switch will give 36 poles on the stator of the motor. This 

gives in the first case a 12 to 1 reduction of turbine speed on 
the propeller, and in the second case gives an 18 to 1 reduction 
between turbine speed and propeller speed. ‘This enables the 

turbine to be operated at full speed, both at 21 knots and at 15 

knots, and adds largely to the economy of the turbine. 
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Fic. 10.—Rotor WINDING oF MAIN Moror. 


Fic. 9.—StTator WINDING oF MAIN Motor. 
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stator and stator win windings are shown in: ‘Figures 
a. The insulation is” ‘similar to that of the generator. ator, 
“consisting mainly of mica, except for the énd windings, which 
sare provided with fibrous: a ee whole being treated t to 
it moisture proof. 

The motor rotor is shown in Figures 8 anid 10.. The rotor. 
i is a double squirrel-cage winding. Each slot in ‘the 
‘rotor consists of one slot near the periphery of the rotor and - 
‘one deeper in the iron of the rotor, the two being connected 
a nat narrow ait as shown in of 


11.Rotor Sor. 


these slots is provided with an indpendent squirrel cage. The 
squirrel cage in the outer slot is composed of high-resistance 
bars and that of the inner slot is composed of low-resistance 
bars. The high-resistance bars are made of German silver 
and the low-resistance bars of copper. The bars are wedged 
tightly into the slots in both cases without insulation. Each 


squirrel cage has the end of its bars connected by short- — 
circuiting rings; in the case of the high-resistance bars this 


short-circuiting ring is divided into segments connected by 
flexible copper connections to provide for expansion, ‘as shown 
in Figure 10. The object of this construction of the rotor is 
to provide a.winding which will give the necessary torque re-_ 
quired for reversing and at the same time make it possible to 


use the squirrel-cage motor, which is a very simple type of 


motor with no insulation in its rotor and requiring no changes 


in its rotor winding when shifting from poles, 


and vice versa, in the motor stator. 
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+ To; better understand the requirements, of the. induction 
motor backing, :it will, be necessary. to refer, to, Figure 
which, gives. the.,shape..of both, ropeller-torque., curve and 
motor-torque curve... It will be: seen, that the maximum. torque 
required during the, process, of bringing) a to rest, 
with the, ship, going ahead, is almost as;great as that required 
to drive the ship ahead at full speed. This is a very severe 
condition. for induction, motors to meet, as the torque of an 
induction motor when “ out df step” or out“of synchronism 
with its generator is very small indeed. The dotted portion of 
the motor-torque curve shows. the torque of an ordinary in- 
duction motor when out ofsynchronism with the generator. 
This is, of course, a motor with low resistance in the rotor. 
If the-resistance-in the rotor issincreased, the dotted portion of 
the torque curve may be brought .up.to. that, indicated by 
heavy portion of the. motor-torque: ‘curve and*this is greater 
than the propeller-torque.curve and: ‘will therefore reverse the 
propeller. ..It: will be seen that thé motor and propeller curves 
intersect each othe? in the giveti’Figure ‘at about 48 revolu- 
tions; or while: the piotor is still out of synchronism with the 


to fall off. with. increase of speed, but by seg ‘down the 


turbine this point of intersection can ‘be moved along | on the 


propeller-torque curve until: the propeller-torque curve inter- 


the right. of the ‘maximum point, ‘or in the #4 in synchronism” 


part of the curve. After the motor has come into synchronism 


with its generator ‘the two can then be brought up together to 
whatever speed is desired. The i increase in the, resistance of 5 
the rotor which brings about. the ii increase in ‘the torque of ‘the 
motor in the nd out of “synchronism” part ¢ of its curve may be 
best, understood by reference to Figure 18. This diagram i is an 

quivalent circuit to that of the double ‘squirrel-cage i induction 


motor. lt will t be noted that part of the 1 reactance of the two 
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squittel cages ig’ and? patt! of it! pertains ‘only’ tothe 

lower ‘squirrel cage. ‘At frequencies both of these react} 
ances are very Small atid’ have tio great effect on ‘the’ current 
flow; but at high fréquericies they’ become: very large and that 
of the inrier sqitirrel“cige ‘becomes’ very! much larger than the 
oister, ‘thus the’ ‘part ‘of the current: 


> 


ytyy 


‘Xp 


741 


reactone 


the equivalent of a high-resistance ‘squirrel-cage motor. “As 
the frequency, falls, this reactance decreases i in value until at 
the low frequencies i in the rotor, such as obtain when ‘going 


This winding, therefore, gives the equivalent 
a high-resistance squirrel cage i for backing and a low-resist- 
ance squirrel-cage | for driving under normal conditions. The 
physical explanation ‘of what takes, place. when the motor- 
stator windings. are. reversed, thus giving double generator 
frequency i in the rotor, is ‘that the flux i in the rotor which nor- 
mally encircles both squirrel ; cages is forced across the arrow 
air gap, practically short-circuiting the low-resistance bar and 
leaving it out of action almost ‘entirely ; as the ‘frequency 
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Fre, 13.—Eguivarenr: Diackam or Douste Sgqumrer-Cace Motor. 
i through the outer or high-resistance squirrel cage and givine 
anicad, reactance Vv ally. Gdisapped. and we tne 
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falls)’ the reversal ‘of the motor its coming up to 
synchronism,’ tnote ‘of ‘this’ fluie ‘enciteles’ the lower bar until 
the Tow’ frequencies are reachéd, when? of it 
passes: “arotind ‘the lower’ Bat.) ‘The! reversal of >the 


14—ARRANGEMENT oF MACHINERY. 


motors. ‘is simply by’ crossing ‘two of the leads 
of one phase of the motor, and this i is accomplished by revers- 
ing : switches located 1 in the center engine room. is 

‘The ‘main motors ¢ ‘are ventilated by suction blowers located 
one on each side of each motor on top of its casing; these 
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draw air through the motor and, discharge into ducts. whieh 
are carried.up to the atmosphere on the main deck... 

| The general arrangement of the, machinery in the enr 
gine rooms.and, the motor rooms is shown, in Figure.14, which 
also gives a single line wiring diagram of the main A.C. and 
_D.C wiring. The extiter Switchboard is. shown in Figure 15. 
Al ‘diagram of ‘the wiring is given in ‘Figure: 16. From se 
wiring plan it will be seen that'there are two buses for suppl 
ing the auxiliaries and excitation. ‘Either of these buses.can|be 
supplied by either, of the exciters and also by the ship’s circuit 
| from the-after’ distribution board. This makes it-possible to 
always have two live buses in the engine room for the engine- 
room auxiliaries and excitation, switch supplying each 
“of these units is made double throw, so that if anything goes 
_wrong with one circuit the auxiliaries may be quickly trans- 
\ _ ferred to the other bus without: ‘stopping the operation. This 
| _ artangement of the board also makes it possible to use the 300- 
__kw. units.in the engine room for exciting the main. generator 
“field direct in case of trouble: with the ‘Dooster. In this case 
_ the power for driving engine-room auxiliaries on the side of 
be ship neers the booster: is disabled would have to be taken 


| is ‘made ae supplying the ship's $ circuit | 
either of the exciters; when” cruising slow. speeds there 
will not be much direct) current used, . and it may be possible | 
to cut. out ‘the ship's generators run only on) ‘the, two ex- 
citing units... This ‘should give very. economical operation, 
‘there: wotld be only one condenser in the ship_operating: and 
all exhaust steam would-be utilized in’ an efficient manner, 
either in the main turbine’ or feed heaters, or evaporators. 
_ The exciter switchboard, in addition to the other direct- 
current, switches mounted on it, has also the main field switch, 
which is a solenoid-operated switch, and i is, controlled from the 
main switchboard. . This. switch is Provided with magnetic 
blow-out to. reduce the arcing 0 on. opening, the. ‘field, 
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Fic. 19--Main SwitcHpoarp—Swe View witH Work Removep. 


Fic. 20.—Main SwitcHsoarp—View or INTERIOR SHOWING INTERLOCKS 
AND On, SwitcHEs. 
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and is also provided with an auxiliary switch which’ short- 
circuits the main field through a discharge fesistarice, previous — 
to opening the main field! This prevents any great'risé of 
potential in the ‘main field circuit due to the quick opening’of 
the main field switch; if this resistance were not ‘provided, 
opening of the main field switch’ would burn up the ‘switch 
and also probably puncture the insulation of the main field 
itself. This switch is arranged for hand operation in case of 
failure of the solenoid-operated feature. It is‘also arranged so 
that it can be tripped out ‘by a’ balanced relay located on the 
main switchboard and the purpose which will ess 
later on in this article. as : 
Other switches on this swteboard are of denife-blade 
DPE: 
Indicating are to which bus is thus 
facilitating the. operation of 
chances of; mistake. 
‘The main exciter supply are with inter- 
locks, which prevent them from being thrown in ec on 
the same bus or in parallel with the ship’ s circuit. 
The main switchboard and the main A.C. velit and D.C. 
_ interlock wiring aré shown in Figures 17 to 28, inclusive. 
Figures 17 to 21, inclusive, show various’ views of the struc 
: ture of the main switchboard and of the arrangement of dis- 
connecting switches ‘and the interior of ‘the ‘board’ itself, to- 
_ gether with the mechanical ‘ititerlocks’ between switches. 
Baer. these views it will be seen that the main’ switchboard is 
_ a cell structure; built up om angles and carrying panels‘for 
mounting instruments, on’ its’ forward: face. The: ‘remaining 
part of the switchboard ’is'enclosed with ‘grille work ‘and ‘a 
at each end which gives access to the passageway down 
middle of: the ‘cell; This) passageway gives access to’ all 
mechanical interlocks, located: inside the ‘structure, to all’ ‘oil 
switches; and:ito the‘ bus tie switch; latter is: the?only: 
switch that is actually operated from the: inside’of the cell 
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structure, Figures 22,23. and 24 show various views of the 
operating levers on the front of. the switchboard., Figure 28 
shows the front of the main switchboard with all. instruments 
and levers., All the levers. used in;the-operation of the. engines 
are shown,in these views, The switchboard is located in the 
after end.of the center engine room, and the operator faces. aft 
when handling the switches, By referring to Figure 27 the 
relation ,of ,all,.the, switches, and levers used: in the various 
operations can be seen... There isa disconnecting switch (al- 
ready, described under generators) for each: main generator. 
These are operated in the, center engine, roomi and are mounted 
on the outboard bulkheads on each side. These switches are 
of the knife-blade type; they are mounted, on large brass plates 
which are bolted to the bulkhead and form a part of it. Single 
conductor cable is used to connect the generator to the main 
switchboard, and it is therefore necessary to replace the part 
of the bulkhead surrounding the cable with non-magnetic ma-_ 
terial to prevent its overheating and causing: losses in the cir- 
cuits. The insulators for this switch are heavy molded, blocks 
of bakelite, which is very. tough:and is. not to 
breakage by. shock or vibration. 9: 
‘The bus tie switch is mounted inside the: and 
is operated at. that point. It is also of the knife-blade type. 
The bus tie switch connects the starboard, and port buses so 
that either generator can run all. four motors when desired. 
The bus tie switch and the two generator disconnecting 
switches, are mechanically interlocked in such a manner: that 
only two:of them.can be thrown in at any one time. This 
_ makes it impossible to connect the two generators to the same 
bus and thus put them in parallel, ‘They are also mechanically — 
interlocked so that the generator disconnecting switches:can _ 
be thrown into the low-voltage position only when the bus tie 
switch is closed, and into the high-voltage’ position only when 
the: bus tie switch is. open; this interlocking makes it certain 
that the generators. will:always be operated in the most effi- 
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cient way,.as has already been. described under. subject, of 


generators. -brsodsio 
»motor-disconnecting switches, are. mounted at the top 
ofthe side; and, at;the, back... These 
switches and ithe levers, foroperating them are shown. clearly 
in Figure 18. . ‘These switchesjare. also of the knife-blade type, 
None. of, knife-blade, switches are. to. be operated, when 
alive, and the means, for preventing this will be explained later 


onin this; article, when, of. electrical is 


(The: reversing 2,08; the brush type. 
are oil-break. ‘They have, auxiliary contacts and are intended 


to be large enough to break full-load currents, but, in the 


operation this isnever done, as will be explained under 

“ Operation.’ The ahead and astern switches are, mounted i in 
‘hie same oil tank, This. switch is shown)in, Figure 25. It will 
be seen that! there is.a' brush.on each side, the two. arms. being 
pivoted at the center. The arrangement of the levers is, such 
that: one of these.arms is moved up, and the other down, at the 
same time, one: closing for. the: ahead, direction -and., when 
moved in the: opposite: way -the; other, closes for, the astern 
direction. .The-function, of this.switch. is, merely. to reverse, the 
connection of, two leads. (one phase), to the motor.,, A, third 
lead: is, however,; interrupted .by. this switch, as otherwise, 
opening this switch would, still, leave one iphase connected to 
the motor, which would then, run as a single-phase motor, 
The fourth lead to the motor passes direct from the bus to the 
motor and is not interrupted by the) reversing, switch, , The 
reversing switches for the two motors,on.one side, of the ship 


are opensted by of, the: switch- 


are ia every, respect similar. to 
the reversing switches. Contact of the laminated. brushes .on 
one side.connects the motor, for £4 poles.and; contact ,on the 
other side for 86 poles. , detected the, two, motors on 
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one side of the ship are Operated: by one fever'on the: front of 
the switchboard. 

pole-changing and reversing switches are 
interlocked with the’ field lever 80 that they cannot be moved 
unless the field lever is in’ the open position.” "They are also 
interlocked with each other’ so’ that the’ reversing lever cannot 
be thrown in the astern’ position except when the pole-changer 
is in the 86-pole position. This latter interlock is necessary 
for reasons described under the subject of the ‘‘ main motors.” 

The main field switches have already been described under 
the subject of the exciter switchboard; they are operated by 
the outboard lever shown in a the center of the’ main 
switchboard. 

The spectis levers are the two small ladhiabe levers at the 
center of the main switchboard. They are connected by bell 
cranks and rods to the governor-control gear, as shown in 
Figure 2 and previously described under the subject of the 
“main turbine.” These ‘levers move on notched ‘quadrants; 
they are moved from ‘notch to notch'when comparatively large 
changes of speed’ are quickly ‘desired, but small changes of 
speed’are made by vernier ‘wheels, “This type of lever has not 
proved very satisfactory in service, however; and’a new type 
is 'being installed; this new type is similar’ to the one installed 
on the’ Jupiter, aid consists of a worm and worm-wheel trans- 
mission’ which enables’ the operator to’ go through the full 
range of speed without lifting the lever from the quadrant ; in 
_ addition, it ‘will be possible to-lift ‘the worm out of engage- 
ment and ‘move it in either direction when | ‘latge changes in 
speed are quickly desired. The ‘speed lever and field lever are 
mechanically interlocked so: that’ the spéed ‘lever is ‘automatic- 
ally carried to the slow-speed position when the field switch is 
open.’ Also, thé speéd cannot be°ificreased very ‘greatly with- 
out carrying the field lever with‘it and-increasing the excita- 
tion 6n the'main field of the generator. ‘This prevents drop- 
ping motors ‘out of ‘step’ by’ large! increases ‘of speed of the 
generator without corresponding increases in its excitation. 
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"The steam limit levers are mounted directly underieath the 
field and speed’ ‘levers and are similar to’ them in type; ‘con- 
sisting of short atms movihg on notched quadrarits.’° ‘The 
motion of the steam-limit levers is transmitted by tods arid 
8 cranks 'to’a stop on the operating gear of the main gover- 

"This lever can be set’ to’ allow any’ desired’ umber’ of 
‘ier to’ ‘open on the main turbine and’ whien once sét ‘the 
amount of power’ that can be developed by the tutbine is lim- 
ited by the amount of steam that the given’ number of valves 
will pass. If the load becomes such that the required’ amount 
of steam to maintain the speed is greater than that allowed by 
the steam limit, the turbine’ will ‘simply’ slow ‘down’ as would 
any other type of throttled engine. ‘The relative position of 
the steam-limit stop ‘and governor-operating mechanism’ is 
always shown atthe main switchboard, as ‘will’ be explained 
under the subject of electric interlocks. The nécessity ‘for 
the steam limit atises from ‘the ‘conditions that’ obtain when 
the ship’ makes’ a turn. In this ‘case, the power required to 
maintain the revolutions the same as they were’ before’ the 
turn is enormously increased ; since the turbine is at all’ times 
under the control of the governor, it will continue to maintain 
the’ same speed while the ship is turning that’ it did before the 
turn started, and this will result in Overloadifig the’ main 
generator beyond its capacity; this ‘will result in a’ drop in its 


voltage and the main motors will then drop out’ ‘of step due to 


insufficient torque. “But' when the steam limit is set, the tur: 


bine will slow down before the excessive overload’ ‘5 reached 
on the generator, and the latter will then have sufficient’ volt- 


age to furnish the necessary torque for holding the re in 
“'The'D.C. ititerlocks, booster-field control; ahd 
wiring are’ shown in Figute 26: The booster is 4 motor gen- 
erator set, the motor end of which is a constant-speed motor 
and the generator end of which has a separately excited re- 
versible field. The field current for excitation fn the main 
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generator passes in series through the booster generator and 
regulation of the strength of the main field current is obtained 
by varying the voltage of the booster generator. This either 
bucks or boosts the voltage.of the 300-kw. generator, ac- 
cording to the throw of the field lever... The arrangement of 
the field windings and the booster-field rheostat is shown in 
Figure 26, The range of the booster generator is about 60 
volts in either the buck or boost direction.. Generally the boost- 
ing is only used when it is desired to put ui iaranancaml on 
the main field of the generator during reversal. 
various indicating lamps and. electric. interlocks. 
in the operation of the machinery. are shown in Figure 26. 
These are supplied by a double-throw transfer switch and a 
double-throw. ordinary knife-blade switch, . The. transfer 
switch supplies current either from the exciter bus or from the 
after distribution room. In transferring from one to, the 
other the circuit is not interrupted, but resistances are in- 
serted directly in the two circuits: so as to make it safe to 
transfer from one to the other without, paralleling the gen- 
erators. The supply. bus from the exciter is fed through a 
double-throw, switch which can be thrown on, either exciter, 

There is a balanced-relay in each, main: generator circuit 
which i is shown at the top of Figure 26;. This relay is nor- 
mally i in. the open position and is held rigidly so by. the. sole- 
noids in each circuit. In case of short-circuit on either of the 
phases of the generator itself, the motors, or. the cable, the 
pull on the solenoids of this relay will become unbalanced, 
and the contacts in the D.C. circuit will. be closed, tripping 
out the main field switch and taking all power off the genera- 
tor in question. 

Under-load. relays are also provided for. each, 
ceca ‘The solenoids of these relays are adjustable and 
can be made to open at any desired value. Until this. relay 
opens, the reversing and pole-changing levers are locked so 
they cannot be moved. A blue lamp indicates iscsi this cir- 
cuit is closed. 
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The, ‘main, field .switch,, when, closeds: electrically: locks; the 
main. generator, disconnecting, switches, motor, disconnecting 
switches, the.,doors; to the.,cell, structure of; the, main 
switchboard... This’ insures that none of, these switches. will 
be. moyed. while, the circuits, are alive. There, are red, lamps 
for indicating, when, the, switch is, closed,and..green lamps. for 
indicating when it is open. When only /one| generator,' and 
consequently one field switch, isin use, the bus-tie switch, will 
always be closed. The bus-tie switch is therefore, provided 
with an auxiliary, switch .which connects.the, two interlocking 
systems on the two sides of the ship so that either field, switch 
will, then operate; all interlocks; dotine of 

: White and red lamps are provided on. pier: side of, the 
board; to, show, the, \relative, position: of, the steam-limit | stop 
and the main governor-control gear. The. white light indi- 
cates..an opening of inch (this is adjustable): be- 
tween the stop.and governor gear. When both, lamps are 
lighted this indicates contact between the stop and: governor 
gear, and when the white, light goes, out, leaving only the. red 
lamp on, it indicates that, the, governor, gear.is hard upjagainst 
the stop... This, enables the..operator, to, keep his, steam, limit 
properly, adjusted, for each speed, of the, ship... 

New, Mexico. is operated, from.low. to, 

knots. using, one. generator, andthe: motors connected, for, the 


38:pole connection; from:15 knots to, 17, knots.one generator is 


used with the motors on the 24-pole connection; from 17 knots 
to full power, both generators. are used.and, motors, will be ar- 
ranged for the 24-pole connection. There jare thus three con- 
ditions of, normal steaming, and, the operation, of the: ship, for 
both ahead, and astern; motion, willbe, 

these conditions;, ‘The operation is as. follows: 

Getting; under way with one generator, motors on 

36-pole connection.—Assume ‘that the maximum. speed: will 
not be over 15.kmots,;, This means that, one, generator will.be 
used and willbe on, the, 36-pole.con-_ 
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tor that’ itis desired to’use would be tested out’ and’ thett' set 
to low speed’; the bus-tie switch would be' closed) ‘and 
the gerierator-disconnecting switch would be ‘closed ini the-low- 
voltage position. "The field switch ‘of ‘the’ generator and’ the 
pole-changing and’ reversing ‘levers ‘would open: re- 


(ay switeh — be thrown ithe 362 
The reversiig be! ithtown if Ahead” 
(c) The field switch be'elosed'and tote 


‘The’ ‘turbine then be up to’ the 

tions described under ‘on ‘receiving a 

(a) The field’ switch would ae Opened and the lever 

As soon as the: under-current | relay ithe te: 
levers would be’ thrown ‘to the *“Astern’” position!’ 

(ce) The field switch ‘would ‘then’ be closed and over-exci- 
tation applied to the gerierator until ‘the ‘motors ‘have reversed 


and come tp to synchronous speeds ‘the field bre re: 
to its normal’ value, 


is desired.” 

(8) Getting under” with one and’ motors om 
24-pole connection.—In' case’ it ‘is desired 'to make ‘the maxi- 
mum speed greater than 15 knots, but less than’ 17 knots, 
one generator will be used and the motors’ will be connected 
on the 24-pole' ‘condition. In this’ case, getting under way is 
exactly as described under (1); except that the pole-changing 
switches would! be throwi? into’ position!’ 


nection. | Before reporting feady to get undet way; the genéra- 


(a) ‘The speed of the tirbine the to 


’ 
4 a 
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_, (4), Reversing,--Assuming the ship. to’ have gotten, under 
way. with, conditions as (3); on-re- 
Open. the field. throw the. speed lever to, low 
speed at the same time. 
__(b);, Throw. pole-changers. to 36-pole, position,’ 
(c). Throw. reversing switches “ Astern’’ ; le 
(d) Apply over-excitation to the field of the main one 
tor.until motors have, come. and. 
_(e) Bring turbine HT 
(5), :Getting under way with two, generators.—In this. case 
the, bus-tie ‘switch | would,-be. open. and, the, two. generator- 
disconnecting switches, would) be; closed, in the high-voltage 
position.).Field switches would he open; generators, would’ be 
running speed .and pole-changing and.. reversing 
switchs would, “‘Ahead”, is;:received, the 
operations -carried out would be. exactly as described | under 
(3),, except, that. it, would be: on. generators 
instead of one. dt ot ovaeste 
(6) Reversing.—. After, way, with con- 
ditions; as, above, described: under .(5),, if .a.signal, “; Astern”) 
were received; the) operations, would be exactly, as described 
under (4), except, that be,.catried, out |for two 
generators instead. of; one, tpilos Her oct vd 


SHAFTING AND 
oft to 2t enilques bisodine 


main propelling motors. Each line of shafting is composed of, 
the following number of sega sections, all rigidly coupled 


together Inboard Outboard 
shafts. shafts. 


i 
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Shafts—The ‘thrust ‘shafts are fitted’ to thrust Bear-- 
ings of the adjustable horseshoe! type, with steady bearings ‘at 
each end for supporting the shafts. ‘The’ shafts ate hollow, 
with thrast collars and cotipling’ dises ‘with the 

Line ShaftsThese ‘shafts are’ hollow forged,’ with ‘disc 
couplings’ at and: is carried two 

oS ibe Shafts: stern-tube ‘shafts are with 
a composition casing. within the stern tubes and’at the’ stern 
tube bearings. They ate! hollow’ forged, ‘secured’ to the line 
shafts at inboard end by'special disc couplings, and to‘the pro- 
peller shafts at outboard end by sleeve couplings. Two lignin 
lined bearings'are provided for each'stern tube shaft. 

» Propeller Shafts——Each propeller shaft ‘is carried: ‘by one 
lignum ‘vite lined strut bearing. The shafts are hollow forged, 
taper turned at after end to suit the hub, 
sition bushed’at the beatings; 

Inboard: Coupling —Each ‘inboard’ consists’ of a 
sleeve secured to the stern-tube shaft by four keys, the end 
of the shaft’ being slightly upset ‘for reception of the sleeve. 
Back of the sleeve is a collar made in halves and secured to the 
sleeve and to the coupling disc on the line shaft by fitted’ bolts. 
‘The shaft is prevented from pulling out’ of the sleeve when 
backing by the half collars, which shoulder: against the upset 
on the end of the shaft. 

Outboard C oupling. —Fach ‘ouitboard: coupling is of the 
solid-sleeve type, tapet bored for reception of shafts, and 's se- 


SHAFT DATA. 


at bearings, inches 
axial hole, inches . 


4 
Thrust shafts, length, feet and (16-06 
15% 
12 


U. S. S. NEW MEXICO. 


383 
Thrust shafts, collars, thickness, ‘inches... 2 
space between, inches 
outside diameter, inches . 10 

15% 


Line shafts, inboard, length, feet aiid inches. . 29-03. 
after, inboard, length, feet and inches. 29-03 
outboard, length, feet and inches...... 


thickness, inches 3 
Inboard coupling, diameter of sleeve outside, inches. . : 
length of sleeve, inches 
thickness of collar, inches............... 
Coupling bolts, number each coupling...... ase 
; diameter (taper) at face of coupling, inches. 
Outboard couplings, length of sleeve, inches 
; diameter of sleeve, inches 


BEARING DATA. 


Thrust bearings (white-metal lined bearings oid shoes) % 


diameter, inches 15% 


Line-shaft bearings (white-metal lined) : 
diameter, inches 
length, ‘inches 
Stern-tube bearings (lignum vite lined) : 
. forward bearing, diameter, inches 


Strat (lignum vite lined) ; 
diameter, inches 


axial hole, inches 1% 
Stern-tube shafts, length, feet and inches..................00...) 42-02% 
Propeller shafts, length, feet and inches..............sscssseees 34-1134 
894 
30. 
16% 
13 
3% 
8 
3% 
6374 
22% 
Thrust shoes, number 12 
effective surface, square inches, ahead. 1,782" 
astern ........... 1,685.5 
15% 
after bearings, diameter, 19% 
| i | 
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TURNING GEAR: 


Each line of main shafting is provided with a motor-driven, 
reversible turning gear. The motors are 5-horsepower each. 
Each gear is so arranged that it can be operated by hand, a 
peg ratchet wrench being provided for that DHEDAE- 


PROPELLERS: 


There are four three-bladed creatine. with the blades cast 
solid with the hubs. The starboard propellers are right-hand 
and the port propellers are left-hand; all propellers turn out- 
board when driving the vessel ahead. They are of manganese 
bronze and the hubs are taper bored to fit the shafts, to which 
they are secured by a key and locked nut on the end of each 
shaft. The blades are machined true to pitch, and polished all 
over, the hubs. 


PROPELLER 
Diameter of propeller, feet and inches,........s+erreeresinceeees 1 


helicoidal, square feet 61.22 
Heighth of lower tip of blade above keel, inches, inboard........ 11% 
outboard). 20% 
Immersion of. upper tip of blade, feet and inches, inboard:..... 15-07% 


Main ‘are two main 
for each main turbine. They are. installed in the same com- 
partments with the main turbo-generators. and supported by 
substantial foundations above the turbines. | | The tubes are 
straight, rolled into the tube sheets at’ ond’ end and gland 


packed at the other end. The condensers are of.cylindgical 


ewe we 


| | 
4 
| | 
} 
| 
| 
| 
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cross-section and ;conforms to Navy. 
principal dimensions follow : rreriscutit 
Thickness of shell (steel), inch........... 
Length between tube sheets, feet and inches.. 
Thickness of tube sheets, inches.............+ 
diameter, outside, inch 
Cooling surface, square feet............ 
Size of main exhaust nozzles, inches . 
of air-pump: suction, inches... 
auxiliary exhaust nozzle, inches........ 
cireulating-water inlet and outlet, inches. | 


“Dry Air Pumps. vertical, “motor-driven, direct-connect- 
ed, double-acting, single, dry-vacuum pump is, ‘provided. for 
each main condenser. They are located in the center engine 
room and are arranged to draw air and non-condensibie va- 
pors from the condensers and discharge same to the, atmos- 
phere above the main deck. . The pump. suctions are cross- 
connected so that either pump may be'used on both condensers 
in emergencies. The pumps and motors. are of the. folowing 
principal characteristics er 

_.Wheeler Condenser & 


Diameter air cylinder, inches. 
Stroke, inches ... 


ian 
Condensate or, Hotwell, is. drawn 
off the. bottom of each, main condenser by a ‘horizontak-metor- 
driven, direct-connected, double-inlet , centrifugal,..pump; dis- 
charging, into, the filter chambers-of the. feed:and filter, tanks: 
The pumps are located in the center;engine room.and have a 
cross-connection in their suctions:so that either may be used.on 
both main condensers, as is the, case withthe; ain»pumps. 


>, 
i 
‘ 3 

: 
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The pumps and’ ‘motors are | “following: 
characteristics: 
Make of pump... 
°” Capacity, gallons per minute 
Diameter impeller, inches. . 
suction, inches 
discharge, inches 
Horsepower of motor 


‘Main Circulating PiantasKiatilaee water for each main 
condenser is supplied by a horizontal motor-driven, direct- 
connected, double-inlet, centrifugal pump located in the center 
engine room. They are also arranged for pumping on the 
engine-room bilges in emergencies. The pumps and motors 
are of the following: principal characteristics: 


Capacity, gallons per + 21,200 

Diameter, impeller, inches .. 

_ bilge suction, inches . hig 

discharge (at pump), inches. 

Horsepower of motor. 


FORCED-LUBRICATION SYSTEM. 


the main turbo-generator sets, the main propelling motors 
and the thrust bearings are provided with forced lubrication. 
The pumping equipment, located in the center engine room, 
consists of four motor-driven, geared, oil pumps of the Kin- 
tiey'type, four Schutte-Koerting, type Z, oil coolers. (two No. 
5} of 127 square’ feet of cooling surface each, and two No. 7, 
of 212'square feet of cooling surface each), and two 7-inch 
by 8-inch by''12-inch vertical, piston, double-acting, single, 
Blake ‘pumps for supplying ‘cooling water to the oil coolers. 
Two oil drain tanks of 1,000 gallons’ each ane 
discharge ‘strainers are also provided. 


Make of pump.................Alberger Pump & Condenser Co. .. 
| 
4, 
| 
| 
| 
| 
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a “he: pumips’ draw’ oil’ from ‘the drain ‘tatiks 
and discharge same through’ pressure reducing ‘bafflers:to' the 
oil coolers, thence, ‘via the lubrication’ main and its branches, 
to’ the’ beatings: ‘The oil coolers can’ be’ by-passed ‘if! so’ de- 
sited:’ The oil from the bearings is led back’ to’ the’ drain 
tanks’ through drain’ lines, thus ‘completing the’ cycle/'which is 
indefinitely repeated: “Cut-out valves are as ‘eces- 
sary for isolating units not in operation. MOOT'S ) 

A thermometer is fitted at each oil-cooler inlet ‘said outlet, 
and also at each bearing. 

Oil for: the main turbine-governor:gear is, also supplied’ by 
the lubricating-oil; pumps | at) a, pressure ;about 80: pounds 
per square inch: In! order to keep this excessive pressure off 
the oil coolers and iubrication lines, bafflers are placed in the 
pump discharges beyond the branches,to: the: governor gear, 
which reduce the pressure on: the lubricating: to. about 
40 pounds per square inch. 92 Pew 

Reserve lubricating: oil is carried’ in’ two born ‘of 
3,000 gallons combined capacity. These tanks are provided 
with deck-filling connéctions and are arranged. for: ee re 
plenishing the forced-lubrication system, 

Two 1,000-gallon lubricating-oil treating tanks, fitted with 
steam heating coils, are also provided. The forced-lubrication 
pumps are arranged to pump the es Lame the tt into these 

“The ‘water service the main’ 
bearings and the stern: tubes; is supplied from connections 
taken off the main circulating pumps, fire and bilge pumps and 
oil-cooler citculating pumps discharges, “There is an 

|Branches;:controlled by separate valves or cocks; are to 
the various: bearings and auxiliaries requiring: cooling. Hose 
valves are also provided at convenient locations, 9°) 


‘ 
‘ 
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)'The drains, fromthe main. turbine, bearings, discharge, into 
funnels. so'that they can be readily observed, , The funnels are 
piped. to’ a small.drain, tank in the center, engine; room, 
which. has ‘connections to the fire and. bilge-pump suctions, for 
pumping overboard. All other drains. are closed’ circuits, 
uniting in. a common main, and discharge, overboard. through 


the auxiliary overboard on vil 
engine room. 


ner har 


OA 


“FIRE AND BILGE PUMPS. 


There ‘are seven fire and bilge: pumps; four located it 
and 'one’in each  fireroom: 
They have suctions from the sea and the 
and discharge to the fire and flushing mains and overboard. 
The. engine-room ‘pumps: also have’ a ‘suction from the water- 
water service. biniog 04 
Type+-Worthington, vertical, piston, 


Size+-12 inches! by 10 inches by 18:inches,) 


are nine Babcock & Wilcox. boilers, ar- 
ranged three abreast in three separate watertight compart- 

The boilers have a total heating sutince of 55,458 square 
feet, exclusive of superheating surface, and-are: designed to 
operate: the entire machinery plant at: full»power; with:.an 
averagevair pressure in thecash pits of not more: than 6 inches 
of, water. They! are equippéd: for-burning fuel oil}, 

Uptakes of the usuak:design ate provided;:all uniting into: a 
common: smoke pipe at the main.deck.' ‘The smoke: pipe:is 
feet {3 inches inside diameter, 92:feet inches: high 
above the bottom: of the: furnaces; 


bsbrvorq ols ots 
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test, per inate inch.” 420; steam 
Height to’ top, extéfnal, feet and 210. 98) 
Length on floor, feet! and. ipiches. bot. 
Width: on. floor, feet and inches..,........... 
Number of tube headers, each. 
Distance between headers, feet and inches. EA 
Number ‘of tubes, each boiler? 
2+inchgenerating/ tubes, 134 mils. 
4-inch generating tubes, 165 mils. thick. 
2-inch superheater tubes, wing boilers, 134 mils. thick........ 
inch superheater tubes, wing’ boilers, 165 ‘mils. thick. 
24inch superheater! tubes) center ‘boilers, 184 mils. thick.!... 
2;-inch superheater tubes, center boilers, 


Homher of furnaces, each boiler........... 


Furnace voltime, each boiler, cubic feet! 
. Heating surface, each boiler, square feet: . 
_Superheater tubes, wing boilers... 


0.0303 
Kind of forced fireroome 


feed stop and check valves, inches...... 3%. 
auxiliary feed stop and check valve, inches....... 
_, bottom-blow. valves (two), inches OL» 


fuel-oil are ‘filled through cht 6-inch 


two pote: ,each side of the ship forward and two on each side of 


i 

| 

| 

| 

| 

} 
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The two starboard forward filling connections are combined 
into an 8-inch pipe, which is led to a relay tank located on the . 
third deck, starboard side. _The port forward filling pipes are 
similarly connected to the same relay tank. ‘There is anothet 
relay tank aft, located on the. third.deck, port side; the. after 
filling connections are similarly led to ‘this’ relay tank. > 

From each relay tank two 8-inch pipes are led to the distrib 
uting manifolds in the center engine,room and forward fire- 
rooms. 

In addition to the filling connection described above, 
there are four emergency filling connections, two ‘starboard. 
and' two port, each connecting "to one: the ‘four: distributing 
manifolds in firerooms Nos, 1 and 3. 

From the bottom of each fuel. oil. eae 4 Bick pipes, as 
required, are led to the various distributing manifolds, which 
are inter-connected so'that any puinp may bé used’ on’ any 


tank. Each tank is fitted with a high, suction a low 


suction, lied . 

Two of the oil tanks, just: pa of fireceoen No: 4 are 
used. as service tanks; similarly two others, just aft of fire- 
room No. 8. The fuel oil for the burners is normally taken 
from these tanks, which are replenished from the’storage tanks 
as described elsewhere, but the system is so arranged that oil 
may ‘be used from ; ‘any storage tank direct. 

8-inch by 12-inch Blake,. vertical, 
dodble-enting: single, light-service booster ‘pumps are installed 
in each fireroom Nos, 1 and 3., “The speed of each pump is 
controlled by a Foster pressure. governor... Each pump has a 
41-inch suction connection from the adjacent distributing 
manifold, and a 4-inch discharge to the distributing manifold, 
adjacent emergency deck-filling connection, fuel-oil main and 
overboard; the latter Connection is portable. The booster 
pumps are also arranged to pump from the storage tanks and 
discharge to the service tanks while the seryice pumps are 


pumping from the service tanks. ‘In addition to the connec- 
tions noted above, the booster pumps also have a discharge to 


| 
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the deck. for fueling the, launches ,and. also a 


branch to’ the. galleys,and foundry, 

There are two heavy-pressure,, 
service, pumps;.of the Kinney type: in',each.. fireroom. 
Mason pressure governors are. provided to control the speed | 
of the units; the turbines:are also provided with centrifugal, 
emergency-trip governors to prevent, overspeeding,,, They have 
3-inch, suctions from the fuel-oil main and,service tanks, and 
each discharge, through an oil meter and.an oil. heater, to. the 
atomizer supply pipes. Small by-passes, are provided. between 
the discharge and suction, sides of the Pumps for use when. 1434 
a small amount;of; oil is. being, burned... 

The oil, meters are of the Bowser are arranged, so 
that they canjbe by-passed... 

The oil heaters are. of. the 
sufficient capacity to heat 14,000 pounds. of oil.per hour from 
70 degrees to 240 degrees.F., with steam at,250 pounds’, 
sure. The. oil heaters, are arranged. so that. they, can be br 
passed. tint t9q 8@ 

The atomizers, seven per boiler, are carried in one row on 
the boiler fronts, with stop ‘cocks at each burner for individual 
control. They are ‘of the Peabody ‘mechanically ‘atomized 
type.’ The pipe to’ boiler i is'fitted 
ctitout valve.” bern -wolgd 

Steam coils are fitted near the ends de all 
tanks; steam for ‘boiling-out the are ‘also 

For raising steam’ with no air presse! a 1%- 
inch by 3%4-inch duplex ‘hand pump is ° fitted i in each’ fireroom, 


capable of ‘supplying oil at to’ two 
atomizers. Ja fsinosttod 


chet 


any time the amount: of. 
various double-bottom tanks, the Parks. 


installed. 
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"The installation consists of a’ small semi-spherical balance 
chamber placed at a predetefiined location ‘near the bottom 
Of each tank. ' ‘The ititerior of the balatice chamber ‘is in’ com- 
‘with’ the! tank, through ‘a ‘hole |in’'the side of’ the 
chamber; and ‘asmall pipe comiécts the top of! the chamber 
with ‘its’ ‘recording’ instrament’ in’ the engine rooms’ and fire 
rooms at’ the; fuel-oil’ mariifolds! The ‘recording device ‘con- 
sists of a glass' mercurial tube provided 
‘gut the tank to it is'connected. 

‘dite’ to the head of oil im the’ tank compresses the ait 
in the chamber and conneetitig pipeline, which in ttitn causes 
the iércury to rise or fall inthe tube in ‘direct ‘ratio to'the 
pressure exerted. The tank contents’ is read off on the sa 
as in the case of an ordinary thermometer; 

“In order to guard against overflowing the tanks when’ takitig : 
‘fuel oil, an ‘anntnciator is installed in' connection with 
‘the récording “device for indicating and ‘signalling’ When aily 
pocporte is 95 ~ cent. full. 


FORCED DRAFT BLOWERS. 


Blowers.—Each fireroom han 
blowers. They, are, located) ,in..specially,. constructed 
blower rooms just below the third deck and “rn she: a. 
flat.in front, ofthe: boilers...) 

The, fans. are 1714, inches outside Keith, 
tal, double-inlet type, each capable of delivering 23,000. cubic 
feet of air per minute against. a static pressure of 8 inches of 
water, when. running at 1,800 revolutions per minute: 
,,Each fan. is, direct-connected,, by a flexible. toa 
horizontal Terry steam turbine. 

Air is supplied the blowers. from a large air thee: on ie 
second deck. 

blowers' discharge the air into the firercoms through 


short trinks,’ in the 
floor. 


498 


Pefiectors ate fitted? at tHe title ‘atranged that 
the air will be properly diffused! througtiont the 
An automatié’ ‘Cosing By Back? pressiite, is 
fitted in each | blower, discharge to preyent the loss of air pres- 
sure in the fireroom i in case a blower stops. 


systéms) One’ eath’ side GP tHE VesseE Phe two“lines até 
cross-connected in each fireroom: ‘ftom the 
Boilers are inches ini diaitidtel atid the lines proper are 
814 iriches the’ forwatid to 11, and 
mehes’ at! dach ‘the latter “size 


continuing to the main engine’ s throttle valves. The pipi ris 
of of omsavb ross , ovlay batid 


AUXILIARY STEAM PIPING. 


From the main, in, the after, fireroom there are 
two 64-inch connections leading aft through the after dyna- 
room loop in‘the-cehter\engine 
engine room/auxiliaries take their steam .from 
Tn ithe) frrerooms:the «auxiliary piping consists! of 
branches fron»the main steath piping! with! sub-branches'to ‘the 
various bobivib «i zetsiq beletotteg 
ship's iturbo-génerator sets7take theib ostéant' off the 
main steam in the firerodms and 
~-Stop valves ate:fitted:in 


AUXILIARY EXHAUST PIPING. 


single|copper‘atixilidry ratiging ftom 
10 inches to 14 inches, is led throughout the machinery spaced 
with branches leading: elsewhete ‘as!'tequired for the! various 
auxiliaries: \Contiections dre’ provided ty direct the 
steam into either main: dyriatiio éondénser, 
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either, feed;water heater, evaporators, atmosphere 


There are two 1534-inch escape pipes, one and the 
other aft of the smoké pipe.” Branchés'from these pipes are - 
led. through the third) deck to each fireroom, where they are 
further ;subdivided and connected. to the. individual. safety 
valves, through 6-inch branches, tH I-22019 
There. is a,10-inch, branch.in. firerooms Nos. and. 8 from 
the auxiliary, exhaust to the escape; pipe, for atmospheric ex- 
hause.,. A stop fitted at each. connection, 
There is ey a 10-inch atmospheric exhaust, Seaton. 
fitted with automatic valve, from each eo turbine to the 
escape pipes. WANT? 
Alll the above piping is copper...) in 
»(Feed-and Filter Tanks:—TLwo feed of 
gallons’capacity each, are located in each cétiter.engine room. 
A filter chamber.of about 900. gallons capacity. thé :top of 
each tank.,;, ach filter.chamber ‘has:an: inner ‘bottom loose 
‘perforated plates and is divided into three conipartments, in 
which, is ;placed:.the -filtering. material, vertical! division 
plates.,;,, so. artanged)-that the: water in 
passing through; the filter;will: flow under;and over! in succes- 
sion, thus areas the filtering material being always sub- 
merged, DAITIT TEGAN AD 
tank. is: with; the following principal, connec- 
6rinch. main, hotwell, /pump discharge; 
1.,3rinch dynamo} condenser. hotwell pump discharge; 
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1 8-inch overflow; 
vapor pipes. ogig best nism 
Feed-Water. | Heaters-rThere, a, Reilly, smultigoil feed- . 
water heater, in each fireroom, of .batizeb tt 10 
Bach, heater, has, 239.85, square, feet, of heating surface, and 
a rated:capacity of 166,700 pounds of water, per hour from-100 
degrees; to.200-degrees.F., with steam at 10-pounds.gage. 
The, heating agent is the.exhaust steam,'a, back pressure of 
about.10 pounds. gage, being, kept in, the auxiliary, exhaust line 
for this purpose by means of a spring-relief valve at each, bid 
nection to \a.condenser,.opening, toward the condensers. 
Main Feed, Rumps—There, are, three, horizontal, direct, 
connected turbine-driven,. centrifugal main .feed,.pumps. 
cated in the; center.engine, room, ; The, speed of, the; pumps, is 
controlled, by Ideal”... pressure governors, Centrifugal, 
emergency-trip, over-speed, governors, are also 
_ The, following :is the principal pump and turbine, data :,.... 
Parner type, Cameron, horizontal,i4stage, 6) - 
‘urbine_-Make and type, G. E. Co,, horizontal, single stage. 
pogo? 


uriliory, Feed Pumps.—An, auxiliary .feed. pump. is. in; 

the three firerooms.. They are of the Blake, 

16-inch by 24-inch, vertical, piston, double, 

acting, single type. “ Foster” pressure governors are provided 
for the speed control of.these:pumips)) / 

_ Reserve Feed Pump. A Blake, 7-inch by § 8-inch by. inch, 
véttical, “piston, double-acting, sin ‘feserve feed pum | pum i 
statied ‘in ‘the’ center ehigine room. is 3 to. 
water from the tanks to the miairi feed 


éction BI 
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Piping. Arcongemest: ‘feed piping searitless-dtawn 

copper. doai-e 
Each main feed pump has a 6-inch: independent suction ftom 

the main feed tank cross-connecting pipe. 207" 

Phe feed: purtips' dischatge via ‘the féeed-water heaters, 
or by-pass same if desired, to the'boilers, "The discharge ‘from 
each inches, uniting inthe center engitié room into 

at 814 leading’ forward’ and diminishing’ in 
size"as it-advarices t6 inches in the forward firetoont:”” "The 
connections the féed-water Heaters ate inched in diameter 
etch, and the’ sipply’ to' each ‘boiler: are'B%4 ihches'in 

The auxiliary-feed is taken off ‘the feed 'tank’s 
pipe!" ntdin’ is 10: in ‘diameter, 
reducifig'in’ ‘size ‘as it ‘Teads ‘fotward ‘to the | 
pumps: ‘Bach’ puriip thas''2 sudtion ‘connection! 

Bach’ feed pamip is’ atranged'to ene 
boilers ‘in ‘its' compartment; ‘throtigh’ ‘the feed-water heater or 


direct: thie iain feed! tischarge 


‘discharge 
connection each is 5) inches! i? and the 
supply branches to the boilers are 3 inches lifutteter’ tach. 


INTERIOR COMMUNIEATION. 


The customary engine and fireroom Lie een tele- 
phones, tubes, ‘dre’ fitted’ Yor ‘transmitting orders 
ard: sighdling’ to “the! machine Gompattinents and 
other parts ‘of the vessel. 


at is provided for ejecting gas. from 
the s,, Cleaning | boiler tubes, “Sleaning dynamos, , Tunning 
Te plant “is, divic Into two parts, each consisting, of two 
motor-driven, geared, compressors and three air-storage. tanks, 


ane: 


ql 
| f : i 
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together with, switchboards and appurtenances. .One group of 
equipment is located ,forward.on, the third deck in.the windlass 
room, and the, other. is located. on the: third deck of No. 3 
barbette and enclosed i in a  wire-mesh | bulkhead. 

The air compressors are automatically controlled so as to 
faintain’a constant” ‘pressiire on’ the’ system. They are: “also 
provided with automatic unloading valves so, that; after, “shut: 
ting down the compressor. started ino 


with nozzles in. each. compartment. from 
this“ main are led to the general. ‘workshop; ‘dyniamio, 
machine and evaporator rooms, galleys, etc.,. as The 
main is connected to all. the air compressors; 


main for ejecting gas from guns is independent of 


The following. a are the e principal charaetéristies-of. thes ait 


Size—15-inch by 1234-inch 7-inch 
Capacity, each—175 ‘cubic feet of free at’ 15 50 


#0 

pounds’ pressure pér square in 
R.pam., comipressor, 300. .. 


Capacity sir-storage tanks, each, cubic feet, 34... 


EVAPORATING AND DISTILLING: 


soils 


"fhe evaporator room is on the. second. platform, between. 
the“engine and. firerooms, starboatd side. :»'The> plant» 
ranged to operate jn double-éffect® with’ live’ Steam at 70 
pounds gage’ in ‘the fitst-effect ‘steam’ Coils; of int ‘singlédeffect 
when using auxiliary ‘exhaust.steam at.about.10.pounds. gage. 
‘Under the latter condition a slight vacuum: is: maintaitiéd 


the distillers, an air pump being pravided for ‘the, purpose. 
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‘plant has combined ‘noniinal ‘capacity’ ‘of 40,206 gal: 
lons watet'pér’24 Hours, Wheh ‘operating in 
with a 40 'per “overloail ‘capacity when 


bezolons bre stiodisd 
VAPORATOR DATA. 


Height over all, feet and inches! ys. 


Dismelsh of, steam connection, 1h. 


Tubes, number Keach) 3 


EVAPORATOR VAPOR FEED WATER HEATER DATA, 


EVAPORATOR COIL, DRAIN} FEED | WATER HEATER) 
0b York’ Navy Yard; U-tube. 


\ 
; 
By 
H 

4 ‘ 

4 

q 
> - 


US'S NEW 399 


TH st. sinh, 


iston, double-acting, 


Evaporator brine pump: sidgrod 


5- 
Number and type—(2)—Worthington, horizontal, tarbine'driven,' 
‘centrifugal. 
ab 26 feet heads innate 800 
2,000 
Type—Worthington, vertical , piston, double-acting, single, feather- 
6-inch by by 8-inch. 


uted by: a Cochran precision me ‘meter.’ 


The following machine tools, each driven by its own’elécttié 
motor, are installed: in the third deck, 


the, center room 


1 28-inch by 48-inch jswing, extension-gap gntvollot 
1 16%-inch swing lathe; American:Teak? 
Works brs LawRelianee?8 P. 
1 14-inch swing lathe; American‘Tool'Works.Reliance,3:‘H.P. 


| | 
feat 
on and outlet inches 
ti 
83 | 
| 
rit 
| 
- 
65 
| 
| 
83 4 
4 
3. 
| 
| 
| | 


1 30-inch radial drill; Bool V Works. Reliance, 3 H.P. 
1 16-inch sensitive drill, SippMathine Co. . H. P. 
1 Universal milling ‘Kearney bast 


1,.,Floon grinder; Reliance, 


MEM, MEXICO, 


fl 1 etic his 


and one | 


iis fitted with, an electrically-driven blast. fan. . The 
forge is of the coal-burning folding type. tis 


soa, foundry i, instale perstrycture 
The outfit consists of a Marine, - burning, filting, 
crucible furnace, together with adequate allowance of cruci- 


bles and the necessaty ‘apparatus’ for handling and pouring. 
the metal, ati vd dose onidosm gnivrollot 
Josh. oil) RIPE AND /COPPERSMiT Hi SHOP.) 


The pipe and coppersmiths’ equipment is is focated on the 
third, deckim/the forward boiler hatch, and consists of the 
1 ‘Motor-driven, pipe-cutting and threading machine} 2-inch 

to 6-inch capacity orltel ani lay 
tihner’s;combined. punch and shears; 


Dilacksmith shop 1s provided on the superstructure, deck, 

in the. foundry enclosure. It-is. equipped with one portable 

— with ‘anvil ‘and all ‘neces: 


Un SiS NEW MEXICO, 


1 ,tinner!s, beading machines ai 
1 oxyacetylene welding outfit; “Otoagsa 
1 oth forge ont sibusd oels 
vises, work-benches, etc 
ELECTRIC PLANT. 


g 

, one ard he tore 

ward: boiler. room. and. the:other, aftcof. the after 
room. They. are on the second platform io 

‘The ‘distribution. rooms, two number; are’ located the 

first platform, one over each ‘dynamo room. They « contain the 

lighting, power, searchlight and generator boards combined... 
The generator. installation: consists’'of' four Horizont 
6-pole, compound-wound, 300-kilowatt,, '3-wite, ‘General Elec- 


tric generators, two, in.each, dynamo, room ; they.; are gear-driven 
by three-stage horizontal Curtis turbines, designed to run at 


5,087 revolutions per mintite, with ’stedm at 200 pounds gage. 


current at 240 volts, when running at. 1 000. _revolutions’ per 
mintte. The generators are capable’ ‘of delivering onesthird 


wowed 


Steam for the generators is taken off. ‘hace main steam crass: 
contiection in the forward.and after fiferoottis, for" the 
and after generators, 


valves. 21a 
Tie generators: atmos- 
pheric exhaust, the latter connections, via escape pipe, are 10 
inches and fitted with automatic valyes permitting instanta- 
neous change, over in emergency) 
Each pair ¢ of generators has an gore condensing ap- 
paratus, located below the. genérators in a separate 
hold! with access hatch between the two levels.” “Bach ‘Gon 


Oni 


densing’ apparatus consists of one condenser, vacuum 


/ 
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augmenter, together with pump; circulating 
pump, hotwell-tank pump and ‘gallon? 
The dynamo condensers also handle the exhaust fri port.) | 


DYNAMO CONDENSER DATA, 


TS 
Number ....... 


Length betweemtiibe sheets, feeti andtinches}). 


Diameter. of ndozzles,) generators 


Thickness. of, ghell, (composition), 


Tubes) ntimber 119, 2, al 


air-pump suction, inches......... 


diiw bottit bas eoddbe: 
Dynamo condenser circulating 
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power necessary to make the speed, 21, knots 
over 4,000 horsepower, so the ship was docked, cleaned and 
painted, and.a second set of trials were run when the horse- 
power came down t to: 29,100. for,21 knots. The ship averaged 
21:08’ knots for her' four-hour’ full-power run and 21.31 knots 
was the average of*the five‘high points on ‘stahdardization.” 
The turbine water, fates per shaft ‘horsepower consid- 
erably better.on the, first trials than on the second,, owing, to 
the.fact thatthe first trials“ were run-in. smooth ‘water; while 
the second trials were run in rough ‘weather, which "indtedsed 
the horsepower for. the speed.over that, ‘obtained, on, the,stand- 
ardization rans and. for ‘no allowance was’ made;as' the 


ate ob- 


14.228, «18.96 
These water rates include the steam from the 300-kw. ex- 
citers, which furnished power for excitation and also for &s 
driving the main air pumps, main circulating pumps, main 


condensate pumps, forced-lubrication pumps, and ventilating 
blowers for the main motors. ° 


\ 


| 
| 
first trials were conducted after the ship had been out of; dry 
} 
} 
| 
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In addition to the trials for steam ‘atid onisumiption, 
trials weré made to demonstrate "satisfactory backing qualities 
when steaming at full -powersialso. to determine. satisfactory 
performance when turning with full rudder ‘anid-at’ full ety 
bothi in’ the ‘case’ of ‘propulsion by ‘one generator a and’ a 1 
two.generators., .Numerous other. trials were 
as standardizing with two screws driving and two running 
idle, and considerable new data was rs ygneeh in regard to the 
propellers. “In aff’ the! tests ‘carried’ out ‘the 

~ average trial data’ obtained the trial givel 


rbines, Ibs. 272.1 2746) |, 2 
inches of water ...... 3.4 
Main generators; volts ici 8740. 20456 0950.) 
fie wvolts’...... 71,7 152.15 143. 18. . 
star 2042.. 1825.5 2012.5 1450. 
Main/motors,ampéres 994.5 860.3 5728 417.5 
Slip of propellers, per 16 1497 13.24. { 
Speed knots 21.08 19.37 |* 1498°] “10.26 


sii rot srovold 
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8 yw doth io eg Dito? 
ton at bodiem. 26 ton benigide 
{Thei various! have’ recently:'ap- 
peared in!this:and: other journals attest:to the:'increasing in- 
terest manifested in this very important:subjtct; |The. tiseof 
high speed rotative: machinery ‘has ‘brought the matter ‘promi- 
nently: before the marine'enginéer, andshe it: it a: possible 
solution for some ofithe baffling :problems' of excessive:-vibta- 
tion that conftonthim> »A: little reflection! wilt make it:¢lear 
that the supports! for machinery:‘on: shipboard are>in: general 
less rigid tham:in) stationary: work, and that the possibility of 
setting: up a: vibration ofthe ship's: frame which will be*in 
synchronism: with that ofa) rotating: ‘machine; ‘is-by no'means 
remote. It:is:not rinusual-tovfind:that at' certain speeds) which 
must/be maintained when cruising »in:squadron formation, the 
vibration :is-very: trying: on! the personnel. «This phenomenon 
of ‘vibrational Critical Speed,” as-itis often called; iis in' many 
cases ' probably: due :to synchronism between ‘an’ ‘unbalanced 
turbine rotor:or propeller, hull: Incaddi- 
tion to‘thé discomfort of the ‘crew; ' the unbalance causes undue 
and a more/or less setiousdoss of 
Although the lack of proper ‘balance’ is ‘quite: rec: 
ognized; there 'is' corisiderable confusion regarditig' the subject 
and ‘especially: as'to the :methods:to:-be used Securing both 
static and «dynamic balanée., ‘Only ‘recently; a-midshipman of 
the -first ‘class, ih g féw nionths:-will: become am officer} 
the writér that he hadibeen told-that: the subject was'so 
only two: or :three people» knew ‘the ‘formulae 
therefor;:and'that they could: get ‘almost: any’ price:for-their 
services!: It:is to ideas ‘of the'subject may 
soon Lo olditqooene lint 


*Mechanical Engineer, U. S. Naval Engineering Experiment Station, Annapo- 
lis, Md. 
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In the past, the main reliance has been placed on securing 
satisfactory static balance by using the ordinary parallel ways, 
or sometimes roller of ball beatings) “Excépt under the most 
favorable conditions of light weight an es aa combined 
with a relatively large radius of gyration, the static balance 
thus obtained will not be very exact as the method is not suffi- 
ciently: sensitive; However, if after the-static balance: is satis- 
factorily.-adjusted, the! machine: smoothly at «all 
speeds,well andj good; :if mot; anseffort is made, usually by 
trial.and, error; to improve conditions: by: adding weights here 
and there until by chance the running! becomies satisfactory. 
At. best the method:is: slow and 
Oceasionally,: when the importance of the subject was!more 
fully appreciated, balancing machines: were! designed ‘and: built. 
These ittiachines usually been, called:‘-dynamic balancing 
machines,” havesin: reality been a rather curious: mixture 
of both static and: dynamic,*in;that:no provision was'made for 
properly separating. the :two)effects.::; Unless body is: first 
ptt in perfect static:balance:itiis useless attempt to balance 
it, dynamically, |for the:results, will:surely: be misleading: and 
may bé disastrous. These: machines have: 
either on the use,-of \a 'floating: bearing: 
motion! suppressed! except: in: the horizontal: or -on'the 
instance; a :fly- 
wheel,: pivotedion 4 cone near its center-of igravity}!is rotated 
in a horizontal plane.;>:Im:both: cases, the: body: runs out and 
the “heavy spot!!;is marked;inrsome, way.) Usually the: body 
is totated in, both: directions, givisig two: distinct.setsiof marks 
from which:the plane of unbalance:must be determined.» Then 
too;: strange though it) may seem, the: effort wasioften made 
to correct what-wasiassumed:to: be dynatnic unbalance sby 
adding or jremoving: weight at.drie:pointi only} -It-cah readily 
be shown that neither 'the floating bearing nor the:one-point- 
suspension method: is-based on sound theoretical igrounds, and 
hence machines built.in accordancestherewith-aré riot, 
rule, susceptible of satisfactory use. Howevet,ii»théhands of 
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capable and, experienced, men some very: good operating restlts 
have, apparently, been -obtained, but ‘not-:with. the: definite 
directness and: ease,that is.possible.| 2ouil 
Credit; developing.and,applying the: cornect»:methods 

pased on. a/rational treatment! of-the subject W: 

Akimoff. ; In a: paper presented at;the: New Orleans meeting ot . 
the American Sogiety, of Mechanical; Engineers, in, April,.1916, 
Mr... Akimoff first presented the-subject in a most: imteresting 
and readable, manner..;, Since, then, howeyer, great -progtess . 
has been; made inthe application of the fundamental: principles 
there laid down. totistet lo 2eits adi no vitvers. to 
subject: is of, great, practical importance} and; a: .descrip- 
tion‘of, the design and method.of operation of the two leading 
of, balancing machines now in the field willbe, of, inter 

Both. the, balancing machines:,to' be described .have-been 
pte test at the U. S. Naval Engineering Experiment Sta- 
tion, Annapolis, Maryland, within the past year. 


dilgtey slbnie githbe od year ottsi- 


is! out’ oF ‘Static’ bafahee Becduis¢ of ‘at 

radius'r;. body is ‘placed’ ‘on ‘sensitive’ parallel 
it ‘will ‘cottie"to rest’ with a; ‘VeFtically ‘Below’ thé axis. 


| | 
| 

Before describing te fesirapie to 

examine briefly \the-meaning-of static and dynamic balance. | 

| Fig. 1 rep eset@ arbody symmetrical about the axis, which | 

\ 

704 | 
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When the ‘body is rotatedy the «mbalanced ‘foreedue' to?) will 
tend’to make the/axis throw out;? ‘as indicated by thé dotted 
center lines; that is, the body suffers a'translatioti’ estab 
lish'static’ batance it! isvonly necessary: to/add ‘one weight as a, 
at’ radius’ theisime dxial! platie as | a; “ani such? “tat, 
general heavy’ ‘spot! is ‘hot - 
single. disturbing element} tepresents' the ‘restiltatit' effect 
all unbalanced: elernents;“and hence static ‘balance “for. the 
entire body thay’ be obtained by ‘adding ‘or removitig single 
weight.’ Evidently a body is itv statie balance ‘whet center 
of gravity lies on the axis of rotation. vob bist sion 
~'Dynlamic unbalance ‘in a! statically Body!'is ¢dused 
by ‘aveentrifagal’ some axial platie. "Phe centriftigal 
couple tends ‘to ‘produce ‘rotation about ‘ati axis through’ the 
center of gravity of the body as shown by’ ‘thé arrows in Fig 2. 


Static balance may be othadned by adding a a weight, 
.but there“is only “one positiowt,an which the weight may be 
put, namely, directly opposite the resultant of the unbalanced 
static forces, without introducing a new centrifugal couple. 
This couple, when, combined, with. those, that, may, already, be 
pfesent may give a resultant c¢ couple either. greater 


onthe conditions, In. the floating-bearing 
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‘type, of, machine the body. is, rotated and, the high spot marked. 
The, mark.,does| not, -however;. indicate the. plane of the; dis- 
turbing couple;-neither-is, its plane ,just..90, degrees. ahead. of 
or behind) the. mark obtained. ,.The.angle between the, two. is 
-really.a very, elusive, thing, depending, among. other, things on 
air resistance and’ the angular velocity,.of rotation of the body, 


sve gervolloiodt linhui. ecionsind 
“UNITS FOR STATIC AND DYNAMIC ‘UNBALANCE... pot 


Sine! static balanee, is: obtained by adding a! weight whose 
moment about the axis is equal to that of thendisturbing -ele- 
meént; it: must:be!evident thatthe most satisfactory method of 
expressing the amount of static unbalance is in ounce-inches, 
ds)the :product; of the weight necessary to restore 
balance multiplied by the radial distance at which it is applied. 
Dynantic-unbalance is caused by two centrifugal forces each 
equal, since a, 7; = 4, 72, to * a, 7,/g, where © is the angular 
velocity’ of! the rotating: body: and. g: is: thé: acceleration due 
to gravity. Tf, as shown in Fig. 2, these two foreésact on 


fa factor a variable on 

‘the ar ebay but its value must be the same, for the 
disturbing and the neutralizing couple because both neces- 
sarily rotate at the same speed; therefore, for convenience, — 
and because it would be difficult to determine its actual value, 
we may agree to disregard K, whence the dynamic unbalance: 
‘is proportional to Ley a Te or its unit of measurement mes 
‘inch-ounce. inches. “Each of the terms “of this expression is 
easily. measure and the fesult is, ‘therefore, free ‘from 

‘uncertainty ‘that would be involved by retaining the term K 


\FOR|A SATISFACTORY! MACHINE. 
Uniti fecently' thete was fo’ machine ‘with ‘which ‘Satie and 
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| 
i pposite Sides OF the axis, at an axial distance. Tt, they 
produce’ a couple: equal to. (a? ay 21/2) | 
is may be written as'K a, 7, 1. That is dynamic unbalance is’ 
- 
4 
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dynamic unbalance eould be differentiated. It ‘was’ assumed 
that static balance’ could’ be satisfactorily obtained by’ using 
‘horizontal balancing ‘ways their’ equivalent. “Now ‘the 
“quality of the dynamic’ balance will be good or bad aécording 
‘as the static balancing has been well or poorly don; it is there- 
-fore absolutely ‘necessary that ‘the static ‘should’ be 
perfect before attempting to obtain dynamic balance. “Hence 
the ideal machine should fulfill the five 
requirements : 


(1) Provide a sensitive accurate method 
ing static balance. 

(2) an method for’ finding b bal 
ance. - 

(3) Indicate the magnitude of the unbalanced force ‘or 
Indicate axial plane of the umatanced forse or 
couple. 

(5) the or diredtion of ay unbalanced force 
‘or couple. 929 


ott far. as the writer is aware, there are only two machines 

: which’ adequately meet any of these requirements; namely, 
‘the ‘Carwen Dynamic Balancing Machine, manufactured by 
‘the Carlson Wenstrom Company, and the Combined Static 
and ‘Dynamic Balancing Machine, built by the Vibration ‘Spe- 


A 


¥ 


DYNAMIC BALANCING, MACHINE. 


varying from 8/4: ‘pounds to. 14, 000 and of 
handling objects up to 14 feet long; and 60 inches i in diameter. 
‘One of the intermediate sizes “especially, adapted for. handling 
automobile crankshafts and small armatures, is shown in the 
photograph, Two" substantial box :pedestals,::one ‘at 
either, end, the, machine, are rigidly, connected, by, tie 
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rods’ on either side. | ‘The° pedestals support frame 
‘similar ‘to a lathe At'one°end' the bed is hinged to the 
pedestal. by a’flat plate spring while the other ‘end ‘rests’ 
helical’ springs. ‘This arrangement: allows the free end of the 
bed to vibrate up and down in:a vertical plane-and at the same 
‘time prevents’ motion in-all other directions. Suspended ‘un- 
‘derneath the vibrating: frame is a ‘small’ electric! motor ‘and 
‘the two counter balancing weights marked D,)°D, > These 
weights ‘are splined to ‘the supporting shaft so that°a pair of 
forked arms’moved by'a rightand left screw ‘geared’ to’ the 

hand: wheel A, may move’ them away from or toward’ each 
other.’ When the weights are together they form a symmet- 
tical body in perfect balance; when they are separate a ed 


es centrifugal couple is’ introduced. 


The body to be balanced’ is mounted: seit ‘on 
oeleinsl bearings attached to the bed, or, if it is a chankshaft, 
preferably in its own’ base ‘so that: it will be supported the 
same as in actual use. A balanced driving head is fastened to 
the ‘body, and by means of flexible ‘steel connectors or ‘clips 
‘the body and the compensating weights are driven at exactly 
the same speed and in the samedirection by the motor attached 
‘to the The shaft the weights are placed: is 
‘driven through a planetary gear to permit the plane of ‘the 
‘compensating ‘weights: to: be brought’ into the same’ plane as 


the disturbing’ ‘couple in the body. By turning: the: hand 


wheel C the angular ‘position of the and 


without ‘stopping the machine. 


“Tn using this machitie it is ‘absolutely’: that the: ob- 
shall be in’ as neatly perfect ‘static balanceas it is possible 
‘to obtaiit by available method, » Neglect of this ‘precaution 
may lead to erroneous and unsatisfactory: results! for! which 


' the operator has only himself to blame. It must therefore, be 


assumed ‘that the body is in’ pérfect static’ balance atid ‘that ‘the 


reading..of the machine represents pure dynamic unbalance 


lignre tian tedt beton ad live ort ai 
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When the motor is. started.jand the. speed:is gradually’ in- 
a,point ‘will soon. be.found where the. bed has.maxi-. 
mum. uniform vibrations as; ishown. by the indicator M, which is 
an ordinary, dial indicator graduated in thotisandths of ai itich. 
This is the synchronous speed:at which the natural period of 
the springs and the bed: is the! same. as the: forced period due 
‘tothe rotating body.’ By changing:the number of springs, or 
their characteristics, it:is always possible.to have synchronism 
scome at:a; comparatively. low speed, ‘say ‘less than 500. reyolu- 
tions; per: minute. If the speed.is either high:or too!low 
the, vibrations will be irregular, periodically increasing arid:de- 
creasing in,amplitude; and perhaps; momentarily stopping |al- 
-together:,;;By changing’ the angular: position .of :the);compen- 
sating weights and their. axial, distance ‘apart,; the, position, is 
-teadily found i im! ‘which: the dynamic unbalance. of tthe body is 
oi The value: of 'the, couple in, is 
indicated; by 4. pointer,om the dial.B.. Its; plane. will coincide 


_ with that; of the compensating weights, and,may therefore. be 


teadily found); its, sign or: direction. will:be opposite to that of 
weights. ::: The machine therefore gives, positive and.exact 
4nformation: regarding the! dynamic ‘unbalance provided the 
static balance perfect. ‘meets, all. but the. first of ithe 
Aive requirements for an ideal ‘balancing machine, It is, sensi- 
‘tive| and: accurate and results’ are:readily obtained,as the -ad- 
justments quickly. made ‘without. stopping, the machine. 
The compensating weights ‘built integral, with the machine, re- 
its ‘capacity; the machine: illustrated maximum 
for neutralizing dynamic unbalance.of,only 288 inch- 


|| NEBRATION. SPRCTALJtY, cOMPANY's ‘BALANCING, MACHINE. 
Appearance “of ‘the Vibration ‘Spetialty ‘Coiipaniy’s 
Combined Static and Dynamic Balancing Machine is shown 
in Fig. 4. It will be noted that the unit is relatively small and 
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i 
compact’ andi simple'in eonstruction!. A’ casteiron ‘box! base 
supports’ a vertical’ frame’ by itieans of hinge. 
which permits ‘the frame to’ vibrate horizontally’ in one’ direc- 
tion ‘only! ‘An arm’ extends out'from each side of the frame 
and ‘carries ‘at’ end adjusting screw and’a'hand wheel: 
By means ‘of the ‘atid ‘wheel ‘the! tension of ‘a’ helical spring 
betieath' each ‘arni may “bé inorder’ ihcréasé Or 
deeréase'the natural period of vibration’ of the frattie The 
adjusting screws are also ‘used for rigidly’ locking the frame 
when the machine is used for dynamic’ ‘balaticing.” The’ frame 
carties asiviall motor ‘with’ its’ and ‘contro! 
rheostat: ' The couiitershaft' jtist above ‘the ‘motor driven 


by ‘a chain‘ drive. A° rubber belt°at end! ofthe’ counter 


shaft is ‘ised ‘to’ drive’ the object'to’ be balanced.” 
frame ‘carries two’ "pedestal “stipports: on: ‘the 


object balanced "is ‘mounted on ‘rollers: The left-hand 


pedestal is tigid, thes differing ‘fromthe righthand one; ‘which 
ona ‘thin’ phosplior-bronze’ plate’ hinge” in’ the 
as ‘the frame is ‘attached’ to the’ base, and’ which 
in’ the "same way permits vibration ‘of’ the: pedestal “Gn 
ditedtion ‘only. “An also extends ori! each side ‘of ‘the 
pedestal; ‘with! ‘adjusting’ ahd sriiall helical ‘pring’ ‘for 
changing the natura? period of vibration'df the pedestal! or for 
locking’ it'rigidly imposition when détertininig stati¢ balance. 

dial indicators ate shown at the right-hand’end of the 
machine. One of the itidicators is stipported by" thie: frame and 
shows the ‘amount vibration the pedestil! the other' is 
stipported’ from the: base the’ ‘thachiine anid “indicates thie 
vibration ‘of the’ frame” itself.’ 


this’ machine?‘ instéad’a' 'Biflancing lamp’ is “attached ‘to 
etid the’ ‘object balanced, ‘dh hence.” rotates with it! 
The’ ‘balaticing is in’ position ‘thie ‘test! arbor in 
"The ‘constriction ‘Of ‘the ‘clamp i8' very sintiple it ‘tay 
readily be fastened in ariy’ angular | position and its neutralizing 


effect chatiged! by moving’ the! ‘gliding weight neater to or’ fat 
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ther from the:center, As shown the weight, is nearly all: the 
way, out, where it has its maximum compensating effect, and 
the.clamp is in the proper plane to: neutralize the centrifugal 
couple due to the small weights on the.ends, of the two arms . 
of the test arbor. In using this machine the first step is to 
check the static balance of the body under, test. For this pur- 
pose the pedestal support on the frame. is rigidly locked. and 
the frame is released from the base.so that it may vibrate 
freely due to,any unbalanced static force which will tend’ to 
cause’a translation of the body, as in Fig. 1... The motor ‘is 
then started and the body. rotated, the speed is varied, and, if 
necessary, the tension of the springs changed, until the vibra- 
‘tion as, shown, by. the. indicator becomes a maximum, The 
clamp is then applied and its position and that of the sliding 
‘weight shifted until the resultant of the.unbalanced static — 
force is neutralized and the vibration reduced to zero. ..The 
position of the. clamp then shows the plane of the resultant 
of the unbalanced static forces while its value in ounce-inches 
is given by the weight in ounces of the sliding weight multi- 
plied by the. distance it has been moved from its neutral, posi- 
tion on the clamp. ‘The correction is made by adding or. re- 
moving weight at one point; preferably, in the. transverse 
plane through the center,of gravity of the body... 
After the body is perfectly balanced statically, the ome. is 
rigidly locked to the base by the,arms and. adjusting screws, 
and the right-hand pedestal is unclamped. The body is again — 
rotated at various speeds until the synchronous.speed, at which 
the vibrations are a maximum. and uniform, is found... The 
balancing clamp is then applied and. the positions. of the clamp 
_. and of the movable weight are shifted until the dynamic un-— 
balance is neutralized and the vibration becomes zero. The 
unbalanced. centrifugal couple is then numerically equal to 
weight of the movable weight. multiplied by.the radial distance 
it was moved. from its neutral position multiplied by the axial — 
distance, from, the, central plane of the clamp.to,the center of 
the: rollers .on. the; left-hand rigid ;pedestal, The position of 
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the..clamp shows the plane and, the sign of, the, disturbing 
_ couple; which may. then. be, neutralized by, adding or. remoying: 
weight at two, points in, the amp on opposite siden 
of the axis. orks 
The Vibration Company's “Machine meets all five 
of the requirements and does so in a really simple manner, 
much less complicated than might be seseonnt from eee some-_ 
What, involved; description . just, given, 
the position of the clamp or the weight 
is to be.changed, and also to obtain. the amount.of the unbal- 
ance by measurement and computation. An experienced op- 
erator,, howeyer, usually; does not have much. difficulty, in 
quickly obtaining.a satisfactory result.. On the; other hand; 
the balancing clamp possesses certain valuable featires; which 
in the writer’s opinion more than outweigh any. disadvantages 
it may, have. “If, the body is badly unbalanced, so that a.single 
clamp is, insufficient, two..or more .may be, used; moreover, 
these;need. not be, of the size, thus one.may havea: small - 
movable weight, or even two.weights, one large and.the other 
small, so that the final adjustment may be, accurately, made 
with the small weight. 

The. machine is. exceptionally sensitive and accurate for both 
static and dynamic balancing. For static balancing in par-. 
ticular the machine is far more sensitive than balancing ways; 
this is of great, importance because good. dynamic balance.can- 
not be. obtained unless the static, balance is first, good. Dynamic 
unbalance jhas_ no effect, on static but, ihe: ‘is 
hot true. 

handle objects up to 20 inches i in, diameter, but by the addition 
of certain auxiliary. attachments it is possible to use the same. 
aine, for objects upto. 60, inches i in diameter and weighing, 
say}, up to 1,000 pounds. With such large objects itis neces- 
sary to, use.a Jarge balancing clamp, Hence;, by: using the 

chments providing a ‘number. of balancing 
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clamps of different sizes the machitie may be adapted to handle 
a largé variety of work.’ Turbine’ rotors weighing up to-six- 
teen ‘tons’ have been ‘sticcessfully’ balanced’ on larger machities 
built by the Vibration Company. 


With satisfactory balancing’ machines of 
which'at ledst!it is ‘possible’ to’ distinguish between’ static and 
dynamic’ it’ seems’ ‘desirable that cettain ‘limits or 
tolerances for ‘titibalanceé’ sould be established.’ These limits 
stiould be indlided in the specifications for the’vatious types 
Of machinery.’ Just what they should be probably ‘to’ one now 
knows; and they be fixed ‘only’ by experience ‘and a thor- 
ough’ investigation’ ‘Of the ‘entire subject. Undoubtedly,’ the 
will vary," ‘not! only’ for various Classes’ of Machinery, 
but aiso with the’size and weight. «Mr, Akimoff has ‘proposed 
tentatively that for bodiés weighing not over 150'fiounds' and 
with journal diameters’ ‘of not over'three inches the limit for 
static balatice shouldbe 0/4 oundesinchés, with a cofréspondirig 
limit! for dytiamic balance ‘fixed 12 


if a totor is balanced it’ wifl ‘set 

vibrations: If ‘the'balahice perfect’ there Will be 

or’ Tess ‘vibration, “and ‘sdthetimies’ it difficult’ “to "determine 
whether dr’not' the atriount of Vibration ig excéssive.” ‘Often, 
an inspector is in doubt whether to pass or reject a rachine 
becatise" it’ vibrates cettain speeds. “He knows that! the 
manufacturer: balanced it! as’ well ‘as’ the ‘could! Without ‘using 
‘Balancing’ constructed on a stind’ theoretical ‘Basis, 
and ‘besides te’ way to’ ‘determine ‘the’ ‘actual ’ amplitude 
of the vibration, ‘he'ean onily judge that it good ot bad'by 
the OF is to' improve the bal- 
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there; the unit is brought up to speed; quite likely'a dis- 
cussion ‘ensues: between’ diffetent observers ‘as to whether. the 
balance:isi better or worse than before: 
Toianswer these:perplexing questions: the’ Vibration! Spe- 
‘Company has. recently developed an‘ ‘instrument called 
a’ Vibroscope:: The:first»one’ built recently tested at the 
Engineering Experiment Station with interesting” results! 
. The Vibroscope is shown in Fig, 5, attached to the outboard 
bearing of a horizontal turbo generator. It.is built on the prin- 
ciple of the seismograph ; the frame or vibrating part of the in-. 
strument is arranged so that it may be conveniently attached to’ 
the machine whose amplitude of vibration is to be determined! 
The upper leg of the frame is’ slightly’ inclined and has attached 
to it by'a thin, flexible spring ‘hinge a heavy, flat-plate' pendu- 
supporting’ ‘micrometer’ “microscope at its°outer’ end. 
‘This: penduturti! plate has a very slow period and becomes'the 
‘steady point” “of 'the ‘Directly’ beneath the 
microscope at the end of ‘thé horizontal part of'the' fraine!is'a 
narrow ‘slit illuminated by! att» electrie tight. 166king 
through ‘the microtrieter ‘mitroscdpe' with: ‘the’ itistruiment at 
rest the width ‘of the slot is’adjusted to, say, five divisions on 
the“illuminated’ scale+/ then “with machine running”any 
apparent ‘increase in’ width’ of’ the'light slit is due’to vibration! 
By calibrating the instrument the’ relation between ‘the ‘reading 
of the Vibroseope ‘and the aniplitude’of the vibration be 
determined. 8. at es not egw nest beornsied of T. 
obtain idea of the vibration of actual ‘miachines the 
was’ attached 'toitwo turbo-gerérators follows: 
° tarboigetierator set! Speed | 1,800". 
this anit! ‘operates ‘satisfactorily arid with very little vibfation: 
The ‘outboard! bearing’ at ‘the” generator ‘end’ vibrated ‘about 
ich. tatbine’stiell in a horizontal diamiettal’ plane 
vibrated! 0.0003 of eaotiniovas te font 
This unit rins ‘badly; conimutatiott is poor’ arid ‘vibration “ex- 
céssive, 'partictilarly, ‘atthe’ main ‘bearing’ between’ generator 
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and turbine. .When.attached to the:énd: bearing as shown in 
Fig. ,5, the, Vibroscope: indicated..a vibration of 0.0003: inch. 
_ The main bearing, however, amplitude of 0.0026 inch. 
It. appears, therefore, that for turbo-generators a vibration of 
0.0005 inch is permissible, but that 0.0025 inch is not. Where 
the limit lies aes theene: two! values. can be determined only 


BITS 


olqir 
the amount of static. and. dynamic unbalance and the decrease 
in, the amplitude of vibration due to the elimination.of, each. 
The fan, shown in Fig. 6, had.an overall diameter of 44 inches, 
and, weighed 555 pounds... The manufacturer had evidently . 
balanced, the fan statically as well as his. facilities permitted, 
as was evidenced by a weight at the ‘of. the wheel i in 
the plane through the center.of gravity., 

The balancing. was done, on, the; Vibration 
oan machine, shown in Fig... 4, with. the auxiliary jattach- 
ments previously referred to. static unbalance was. found 
to, be. 48.4. ounce-inches,, whichis equivalent to.2.2 ounces, at 
periphery,.of the fan;; the) dynamic unbalance was. 1,400 
inch-ounce-inches, equivalent to 6.2,,ounces.at the periphery 
and in.two transverse planes 10.6.inches apart axially. 

.The balanced fan was then mounted as in Fig. 6, and driven 
by an electric: dynamometer, through flexible. coupling, The 
Vibroscope was attached) to, the ;pedestal, bearing adjacent ito 
the fan... At 1,425. revolutions per. minute, the operating speed 
of the. fan, 'the amplitude of vibration with. the fan balanced 
was' 0.0035, inch... By, removing the fan from the shaft it was _ 
found: that the vibration,of the shaft alone was still 0.0035 
inch at 1,425 revolutions, due to unbalance,in the dynamometer 
and, especially to.aheavy. unbalanced, shaft, coupling. adjacent 
to.and behind the. fan... Hence it,is.reasonable to, conclude that 
the ‘vibsation, observed with the balanced fan, was not due to 
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the fan itself. When the two dynamic correction weights 
were removed, leaving the fan in perfect static balance, the 
amplitude of the vibration iticreased to 0.0068 inch: ' Finally 
after removing the: static-weight also, ‘thus) restoring the fan 
to the condition in which it was received from. the, manu- 
facturer, the vibration became 0.01 inch. 

The conclusion is obvious. -In this case, the ee 
had balanced the fan, and, as such things go, it did not seem 
so very | bad. But after securing static and dynamic. balance 
the vibration dropped to one-third of its original value, and 
would undoubtedly have. been | even less if. the supporting 
shaft had been in balance. ‘Such. an improvement, i is. surely 
well worth while. 

“In. closing, j just a word of warning. _ Although the ‘import- 
ance of securing static and dynamic balance’ can scarcely be 
overestimated, it, must not be thou ht ‘that, vibration i is always 
due'to’’a lack of one or ‘the other. Other. disturbing factors, 
such as torsional vibrations, may be present and must often 

be taken’ into a account if the is to be solved. 
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BALTIMORE. AND: SOME: EARLY: YEARS: IN: 


aris, 


“The: following notes, ‘in “their departure ‘trom t 
articles in the Journat ¢ OF THE AMERICAN Soctery OF. AVAL, 
ENGINEERS : as to. solid science _and the “description « of Tecent 
attainments, call for some explanation., 


“It is’ believed that the History of the Corps sould be writ- 
ten before the steam engine is possibly superseded by elec- 
tricity, aviation, or whatever i is in the womb th the future; 
and that. when it is written, details which will ‘throw light 
upon its affairs will be, useful, varying as they might, from 
Passed Assistant Engineer Bennett's monumental ‘work, the 
Steam Nar ‘of the. United, States,” various | other 
writings to “i personal reminiscences of men some of whom 
may be about to join the majority. 

Two recent articles in the Journat emphasize the advisa- 
bility of such action. The instructive review “ Fifty-Year 
Retrospect of Naval Marine Engineering,” by Rear Admiral 
C. W. Dyson, U. S. N., showed even those who have some 
memory, that it is refreshing to take stock once in a while of 
events which have passed; and the interesting summing up in 
another article sub-entitled, “ A Quarter of a Century of the 
JourNAL,” by Rear Admiral John R. Edwards, showed the 
danger of delay, for in the preparation of that article it was 
found that several important points of fact had already be- 
come matters of doubt, and necessitated reference to private 
diaries and to comparison of sometimes treacherous _recol- 
lection. 

If the foregoing remarks are conceded, it remains to state 
more specifically that the intention of the present review is 
to oe briefly a few occurrences and persons known in 
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‘Sthe: fifties” of the, nineteenth, but also: digressing 
to. times before, and alluding now: to 
almost, incredible: advances:made' since then, 

_ Baltimore for, several reasons: played an. important in 
the! progress’ of, the Engineer Corps, .and,: in. fact, ,of;''the 
United, States. . Its. proximity to the-Capital, the production 

of Government, work-by its five best known machine shops, its 
situationas, the headquarters of the whole South and. connect- 
ing link with the whole North, combined to give itpromi- 
ence; while historically, the previous: aid of western Mary- 
land. in easting cannon, the operation of well-known furnaces, 
a) rolling mill: which later furnished; the armor: plates; of the 
‘first Monitor, Rumsey’s experiments’ in early steam (naviga- 
tion onthe: upper Potomac, the fame of, Baltimore-Clippers:in 
peace and .war,-and-its achievements. almost as a pioneer) in 
railroading and gave, itv, traditional: de- 

the: of: tthe. presente it may. be 
stated that among the machine’ shops of Baltimore'the Vulean 
Works, at.that,time under. the management of, James: Murray 
and Henry R. Hazlehurst, successors of Watchman ‘and Bratt, 
‘not .only: much:.Government, work—marine, ; lighthouse,. 
bridge, ‘railing, etc., but included among its. other \opportuni- 
ties.candidates for entrance into the Engineer Corps, insomuch 
that the modest and, rather. dingy drafting room became the 
rendezvous .of several ‘successive..groups,of, aspirants and 
grades of naval engineers and some outsiders, who. brought 
new questions: and contributed. matter for inquiry, and! gen-— 
eral profit.. The chief, draftsman; Mr. Eliakim T.-Robb, was 
unusually, fitted’ to) help candidates,: being thoroughly .com- 
petent, able and always cheerfully willing to, impart, informa- 
‘tion. Furthermore, the questions, asked and answers given at 
the examinations were being eagerly. collected, by..industrious 
candidates, and-later became, bases, for monographs, upon the 
various branches, and) in; at least one instance used, after, the 

lecture:in the Engineer, Department at Annapolis. ; 
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Baltimore, | in common with the engineering world, discussed 


surprise some readers’ that’ the question of the possible rejec- 
tion ‘surface condensation in seagoing’ steamets;''the’ dis- 
belief of many inthe Giffard injector, the pitting’ of boilers, 
the free access of water to propellers, the use of superheated 


steamy: rotary” engines, ‘high pressure other matters: how 


‘we write. 
For thé of very the 


of some older ones,’ it may be recalled that‘ doubts 
‘of surface: condensation based’ their ‘uncertainty upon the 


“crawling materials,” whereby condenser. ‘tubes ‘moved 
until the ends ‘were exposed, and not “only but! upon the 
“ cussedness” of’ the material: in not ‘the 
by resuming the original position when cold. aiibs 

As to the Giffard injector, now almost indispensable i in iio 
motives and very juseful for stationary boilers,‘ the idea ‘that 


a pipe leading from the ofa boiler to the water spacé of 


the same boiler, could feed water into it; seemed ‘So ‘repugnant 


to'some Baltimore men (and they were supported by the bulk 
_of European engineers): that ‘they declared it impossible; and 


it should be recollected that the inventor, being unable°to ex- 
plain the action, ‘cotitented himself by inviting unbelievers to 
come’ and see it 'in operation s'then came the changescience 
having seen the fact, it was 
ing tophyvieal law: io, leven io 
"There arevat' least two itieas the 


Corps of the Navy at the time‘herein referred to: one'is that 
there ‘was’ almost no ‘information in ‘print; the other’ that the 


-older Chiefs, ‘outside’ their ‘profession, ‘wete almost ‘ignorant 
imen.’ ‘As'to’ thé former, the status of marine engifieering and 


the requirements’ of! the’ service’ did ‘not’ call forvery’much, 
‘but ‘what’ was ‘available was generally sufficient..oWe ‘have 


‘mentioned the collection’ in manuscript ‘of exainination ques- 
tions and answers, ‘and | certain books” of ‘the’ day! were ‘well 
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known. and. eagerly used; among which’ may ‘be ‘mentioned 
Byrne, followed by: Bourne: on the Steam Engitie, Main and 
‘Brown:on the’ Marine: Steam’ Engine; Tomlinson’s Mechanics, 
-Gregory’s Mathematics for’ Practical’ Men, Bornycastle’s 
-(much-thumbed)) » Mensuration,. Legendre’s and other’ Geo- 
metries, Bourdon’s and other Algebras, 'Eubank’s Hydrailics, 
“as good as:a novel,” Lardner’s somewhat. discredited ' Nat- 
ural Philosophy, Overman on the Manufacture of ‘Iron, John- 
Report: on! Coals, Nystrom’s the’ predecessor ‘of Has- 
well’s) Engineers’ and: Mechanics’ Pocket’ Book,’ and several 
‘more; while in:Baltimote at least, the libraries of'some of the 
iron works, atid more especially that’ of the Maryland’ Insti- 
‘tute, contained: books of great utility; the lectures of the tat- 
‘ter on) Chemistry jand Philosophy were ‘instructive, atid -its 
evening: classes |in drawing, etc., were! open; engineers’ of ‘the 
-navy ‘and: of steam boats were always willing’to' impart’ ‘the 
fruitsof theirsexperience; there were few mechanical peri- 
odicals, but those which existed brought new inventions ' and 
-discoveries to: notice.and presented problems’ for study. - 
‘course there was nothing: like the mine’ of publications ‘with 
~which we:are familiar ‘now, with ‘essays ‘on ‘every detail’ of 
_every: branclhi of ‘marine’ engineering, ‘ahd: certainly: such ‘ar- 
ticles. as the»latest specifications in naval: machinery-and the 
-papers found in: the files: of our Jourwa, would’ have been 
invaluable to students in those early days; containing, ‘as they 
do; the results: of: long labor in»practice and theory): 
_ other’ statement; that: the! old chiefs: could shove ‘a ‘file 
and. chip: to a tine knew little ‘else; alsoolargelyan 
error: ~Mr:: Isherwood was well :known to the whole scientific 
world): and: othets: of: his ‘contemporaries ‘were’ familiar with 
_otie ‘or: two: dipped into ‘higher: mathe- 
‘The Vulean Works of Baltimorelhad 
for the - Government; including 'engines ! for -the® second 
Princeton and the Susquehanna; the ‘firm competed during’ the 
_-time we dre:treating of, for the machinery of: the Dacotah; one 
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ithe best, but).the Baltimore) ship. was not ‘far behind. her ‘in 
speed’ and efficiency; however, the great weight»of her geared 
engines, and the. care!,of; Mr! Murrayiin:making the: details 
heavy, enough: to. be’ safe, and perhaps the conscientidusness 
of: the firm,’ contributed. to: the failure: of ‘the company in 
business.) ,The, Dacotah is worthy.of notice for :séveral -rea- 
‘Sons; among) them the; split: connecting rod. and main’ shaft 
revolving within. it, was a peculiarity; also the condenser ‘had 
rather short perpendicular tubes, 'the/upper ends expanded and 
_thejlower ones all.packed with one:followet-plate ; some: of the 
_condenser features are almost obsolete now, but:it was so suc- 
cessful in returning the water of condensation over and. over 
again to the boilers that the. latter) developed one of) the first 
mysterious cases. of: pitting,” an so little known, at that 
time that’ it, .was/ universally attributed. tothe supposed pres- 
-ence of copperiin the rain-water tanks at; the:Norfolk: Navy 
‘Yard, where the vessel. was' fitted out.» It was:hever dreamed 
that for years the scientific:world; backed by: committees: ap- 
‘pointed by the Lords Commissioners: of the Admiralty, would 
later,experiment upon and wrestle with the:question:of similar 
_ deterioration. in, boilers, and. almost: despair its solution, 
in spite of at least three: voluminous: governnient !reports) in 
Great Britain, with colored plates, ‘and; a 
Marine practise of the time teferréd:to in our! 
“remarks, would have: few advocates! now, andi-deservedly so; 
the beam-engine was still holding.its own,:even for seagoing 
in boilers the advantages and disadvantages of cop- 
‘per and iron as materials, and of vertical and horizontal! tubes, 
differential tubes, and: éven: flues; : were: still discussed ;:Hall’s, 
Sewell’s, Stimers’ and Pirsson’s (double-vacuum) condensers 
were! used,:/with others: that are nameés ;: Stevens’ ‘and 
'Sickel’s cut-offs for poppet valves were best known; the Grif- 
fith, Hirsch, Mangin: and other:propellers were recommended, 
_and ‘some grades of: 
scribe many devices which are forgotten now. 


‘of. six, vessels intended to be fast the:droquoie was: probably 
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Drafting, previous to’ the fifties’ was ordinarily coarse in 
line, because: among’ instrument’ makers’ even Hommiel-Essér 
-of: Aargan in Switzerland, was only building up 4 ‘reputation 
and his best productions ‘(brass-tounted)’ were ‘not pleasant 
to handle; but ‘there were Department ‘draftsmen’ in “Wash- 
‘ington, notably under the Lighthouse Board, who’ turned ott 
beautiful ‘work, which aroused ‘admiration’ aridemiulation ‘in 
the Baltimore contingent of the Engineer Corps, soon develop- 
ing several young men skilled in the art. But the topic of 
drafting, in and out of the Navy, would itself*need‘an article, 
and would testify to the excellence, among others, of George - 
B. Whiting and John Ericsson, and their-important relations 
in after years with the Bureau of Steam Engineering. = 
account of Baltimore in some! eatly years of the Engi- 
neer ‘Corps, would not: be complete without mention of’ the 
personnel who met in the drafting room of the Vulcan'Works, . 
‘many on the threshold of their career, but: some even then — 
far advanced in-years and rank; two of the latter: being: known 
‘in warm admiration of their hind helpfulness ‘as’ “Daddy” 
‘Williamson and “Pappy” Stewart, of Virginia and Pennsyl- 
vania, respectively. There:was a spirit of comradeship among 
the aspirants, students and other hard workers for the few 
-vacancies: to be ‘filled, but every one helping’ the whole by 
handing in his store of findings to the common ‘stock. »’ Mr. 
‘Bennett's list includes the whole Corps-down to 1893, and ‘he 
enlarges upom the Engineers-in-Chief ‘and ‘others of note, but 
without ‘special points in reference to some of the juniors, and 
“it is ‘with apologies for necessary: incompleteness, unintentional 
forgetfulness, etc., that we approach this part of the subject. 
Shock, was’ already: .a «well-known ‘Baltimore: Among 
the’ early ‘Assistants best known, ‘but even then by légend and 
‘anecdote, was’ J.’ Bolivar’ Knox; always called Bolivar, a'mame 
fashionable:at that time in honor:of “ The Liberator:""!! 
Chassaing was’ one of the/brightest little mem'the Corps 
-ever posséssed; becoming fleet engineer: in the civil 
-early age, and! among’ other things pointing: out an error in 
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King’s “Steam,” etc., upon the’ true reason why. the: sali- 
‘nometer.stem was unequally. divided; he resigned: and later 
died. of.yellow fever in, South, America. Bob; Schley and 
George Riley were authorities upon nautical affairs generally, 
-having made voyages in sailing vessels; the former diedin the 
service, the latter was afterwards connected with the Copper 
‘Works on, the, Gunpowder River in Maryland,. Win: Thomp- 
-son.and a few others “seceded,” and advanced in: the Confed- 
‘erate engineer corps. Wilkins Cragg did not remain long in 
the service after the war, but Louis J. Allen ‘did. Jim Noble 
-was,a sturdy, conscientious hard, worker.: Tom Bordley was 
-a good draftsman good man. ‘Tom Dukeharti resigned. 
Phil. Voorhees was an.accomplished engineer and gentleman, 
and later went into the patent law profession. John ‘Wilson, 
genial and deservedly popular, resigned after the civil war. 
_ Ak, Murray, a bright member of the Corps, was blown up in 
the Chenango boiler explosion, upon her trial. Nick Littig, 
light-hearted, seemed to make himself appear frivolous, ‘but 
‘when, after the war, the Oneida was sunk in a ‘collision, Chief 
Engineer Littig stuck to his post below and went. — — 
ship—a death as noble:as man could wish. 
_ Having mentioned briefly a few of) the once: simian 
names|of Baltimore naval engineers of the time specified, the 
writer ‘feels it incumbent upon him to refer to a smalh number 
-of a:rather numerous: class of civilian engineers, chiefs: and 
assistants of seagoing and tiver steamers; superintendents: and 
‘workmen in machine:shops, and others from) whose ranks) the 
‘engineer: corps “obtained a goodly number’ of | volunteers’ or 
acting appointments: during the civil: war, and» who: did :ex- 
-cellent service spite of prejudices and teachings of their 
'surtoundings ashore and: afloat: their! history has perhaps: 
onever:: been, and. probably’ never will, ‘be! written, deserved 
though: Among a:few: names,’ but eligible: for the 
- Navy, :tmay: be mentioned: Andy’ Miskimon;. second to’: tione 
(when it wasa question of tunning the lines)in a hull and erect- 
‘ing engines therein ;:and here it may be:inter jected that there 
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was nothing in English. print. on: the subject at. that, time. 
Other, engineers. were Tom Roberts, a. willing helper ;. the 
older. Gragg,, a- well-read _man;, Platt; ‘Tim, O'Connor,:, who 
had , run the. first, Steam fire-engine in Baltimore; Rube 
Clanahan ; the Lawrence and Thornton brothers; Bill’‘Tipton, 
a finisher and afterwards an Acting Engineer in the Navy, 
who rallied a party of workmen from the Vulcan and Reeder 
Works, scaled, Federal Hill just behind those shops, captured 
@ cannon with. which | some fellows of the baser sort were 
firing a salute in honor of a Confederate performance, dumped 
the gun into the harbor, and showed that. some Baltimore me- 
chanics, at least, had not bowed the knee to the, Baal of, dis- 
union; there were also John Cahill, John Menshaw, Bill a9 
son. and Tom, Smith, the last the. boss boiler maker. 
‘Some events of, the. great war of 1914-18 may be stale 
briefly. and with a purpose, though not always having a bear- 
ing on, naval engineering. The British have mentioned . with 
deserved pride their saving of. time by. running troop, trains 
directly, on board, special vessels which carried them:across the 
Channel; and yet. some Baltimore engineers will remember that 
before. the, fine. bridges were built across the Susquehanna, the 
passenger. trains to Wilmington were. carried, across, the river 
upon, large ferry, boats. The use of, parachutes hasbeen - 
_spoken of as almost the last word in aviation, and yet, at the 
time covered, by, the title of this article some, youths of Balti- 
‘more were, thrilling over the fascinating book of John, Wise, 
the, Pennsylvania. aeronaut, who, first in,an, emergency to 
_ayoid balloon. being carried out to sea, and. afterwards, by 
daring choice, turned. his balloon, itself, into a, parachute, by 
throwing, out,ballast until he was. carried, into such. 4, rarified 
atmosphere that the balloon burst, and, after a. terrific, fall, of 
some, distance, the bag, caught by the cords, became, to, some 
‘extent, an, umbrella, and landed, him, safely;, the, 
the Atlantic, now, and. certain,,.was. even then a 
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have’ read With’ pathetic ‘interest the. doings of faithful 
oélbge atid pigeons which carried war messages, and yet Scharf, 
‘in‘his Chronicles of Baltimore, relates how, first between ‘that 


city and Washington, and later to Philadelphia and New York, 
‘a “pigeon express” “was established before the telegraph 
‘superseded it.” 


Nowadays steam is almost a ne- 
‘cessity,’ aiid’ ‘yet when the civil war broke’ out, an: assistant 
“engineer of the Navy was taking data and indicator cards by 
permission, on a boat running out of Baltimore, in order that 
“the true ‘economy in superheating should be tested. We boast 
‘now, and very justly, of carrying higher steam than our prede- 
‘cessors, atid 400 pounds seem to be coming: at the time in- 
cluded in these notes, copper boilers still had their advocates, 
‘with ruder methods in riveting ; but even then the book, Alban 
on the High-presstire Engine, was studied with an eye to the 
‘future, arid there were 140-pounders on the Mississippi River. 
‘Tt is true that one of these would explode occasionally when 
an ambitious captain raced for the privilege of carrying on 
his steamboat the horns which denoted championship, ‘but 
‘most human attainments must pay their price in human life. 
Torpedoes of a kind were known in our civil war, and reg- 
istered a hit now and then. Oxy-acetylene welding almost 
worked miracles in repairing the machinery of interned men- 
‘of-war thought to have been irtetrievably destroyed during the 
“recent conflict, and yet it is‘ many years since a'United States 
naval’ engirieer (from Baltimore, by the way) insisted’ that ‘the 
pieces of broken casting should be “ burned” together 
stead of a new casting being made, though’ a well-known ma- 
‘chine shop in the Far’East declared that it had never sete of 
‘the process and would not be responsible for failure? 0" 
turbine has almost revolutionized matine 
“and yet rotary pumps were known in “ the fifties” of the nine- 
‘teenth century with yearnings toward less friction and waste 
of steam, while the pumps at least marked an improvemient on 
the reaction globe of Hero of Alexandria. It must be con- 
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ceded, however, that the compound engine about to be revived 
was somewhat of a theory then, while multiple compounding, 
the electric drive, internal combustion, etc., were hardly in the 
mind of man. The comparative statements above are not in- 
tended to detract from modern achievements : the writer yields 
to none in profound admiration of progress in what is only 
the beginning of the twentieth century, but they are reminders 
of the old saw that “‘ History repeats itself in the most. unex- 
pected circumstances,” and they leave one in. amazement of 
what the future may, yet have 1 in store for ae 

The work of the writer, is nearly finished ; it is ‘imperfect, 
rambling and inadequate, but if it will induce more competent 
hands to record the relations of various places to the early or 
late history ‘of the Engineer Corps it will have accomplished 
ede And there is great store of interesting facts, from 

altimore, in extension of the foregoing lines ; from Phila- 
delphia, called slow but not so in engineering ‘matters; from 
New York, based possibly on the local history by ex-Engineer- 

in-Chief Haswell, “ the first engineer in the United States 
Navy,” but to be rewritten with a slant toward the Corps; from 
Boston, for New England furnished us with some of our most 
intellectual members ; from Washington, with wave upon wave 
of selected designers, draftsmen, calculators, workers and ad- 
ministrators ; and from’ other and ‘the’ 
be chronicled ‘before it is too late. 

. But ‘whatever may come, we are all titan hopeful, as 
we have every reason to be, that the Engineer Corps of the 
U. S. Navy will live up to its traditions, and will continue to 
possess a Journal worthy to its 
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NOTES on STEAM TRAPS 


The requirements for marine service are unusually 
a severe; the trap must function satisfactorily’ at any pressure 


from atmospheric to the highest boiler pressure carried; its 
ies operation must not be adversely affected by the motion of the 
ship in a seaway ; ‘the valve mechanism must be simple and 
readily accessible for inspection and repair without having to 
disconnect any pipe line; the discharge valve must not be at 
the bottom of the trap where scale and sediment collect. 
“The body of the trap should be heavy and rigid, and flat 
I; surfaces. should be avoided whenever possible. If the trap is 
if intended for use with high steam pressures, the requirements 
fi of the American Standard for extra heavy flanged fittings 
should be complied with in determining the thickness of the 
body and of the cover flanges, as well as, the size and the 
/ Spacing of the cover bolts, Comparatively wide gasket spaces 
should be, used to, prevent the gasket from, blowing, out. 
Counter-bored recess gasket flanges are usually most. satis- 
Hil factory. The inlet and outlet, opening should be on the, body, 
of the trap so the cover may be removed without. breaking any 
pipe lines,.and there should be a bottean blow for cleaning 
the trap of scale and sediment. 
i In ball float traps. the of ities float, must be sul 
ill cient to open the valve against the steam pressure....In this 
case the following relation must be satisfied : : go 


W + — Pa) a<F, 
1 _ Where W = weight of float in pounds p, = steam pressure 
iM . in trap, pounds per square inch gage; p, = pressure against 
iy _which trap discharges (usually atmospheric), pounds per 
_ square inch gage; a = contact area of discharge valve, square 
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F = effective of float = displacement in ‘cubic 
feet times density of water in trap at ———— corresporid- 
ing to the pressure; pounds per cubic feet: 

A 1%-inch trap of the simple float type and intended for 
use with pressures up to 300 pounds, hada float displacement 
of 0.1278 cubic foot; the float weighed 4.17 pounds. The 
maximum size of the discharge valve calculated from the 
relation just given is 4.17 + (300 — 0) a<0.1278 times 52.6, 
or a<0.0085 square inch, tome the sarresponding: valve diame- 
teris 0.104 inch, 

Small discharge valves are they are 
liable to become clogged with scale and because their discharge 
capacity is too small. Large floats are not desirable because 
they increase the sizeof the trap unduly, and because it is 
difficult to inake a large float to withstand the high pressures, 
For these reasons the use of levers to increase the float ae & 
usually fesorted to, . 

The effective pull.of a. packet float for opening. 
may be found by filling the trap and bucket with water, attach- 
ing a spring balance to the valve stem and measuring the 
pull necessary to lift the bucket. Tests have shown that for 
bucket. floats the’ relation between maximum operating tan 
sure, valve area and bucket pull may be written as PRX aAS . 
F, where p,.@ and F have the meanings already: given; and 
where the exponent has a value that is usually slightly less. 
than unity (results varying from 0.93 to 1.00 have been 
found)... When graphed: on logarithmic paper this, curve, isa 
straight line whose slope gives the. value of, the, exponent”. 
The.relations between p, and a as, determined experimentally 
for a.line of bucket-float traps varying. in nominal. size, from 
34-inch to 2-inch are shown in Fig. 1. The p intercept, for 
_ an area of 1 square inch is the pulling power of the bucket 
as determined with the spring balance. In practice the valve 
areas ‘should be somewhat less to insure satisfactory opera 
tion for slight that ‘may occur, and also to per- 
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432, _ NOTES ON STEAM TRAPS: 
mit: grinding in the valve and trueing.up the seat when neces- 
sary... The allowance in area should be from 10 to 15 per 
cent ; valve areas determined in this manner. will be consistent 


vt 
To 


“STEAM PRESSURE: LB FER GAUGE 


y, 
aa 
yle - 
df 
TH 
L 


and 4 will give the maximum safe “he of 'the 
bucket float requires care ; the addition of a small’ weight at 
the outer end of the bucket may increase the maximum operat- 
ing pressure! of trap with a as as 

there is no, logical reason why steam traps should be rated, 
and also ‘usually purchased, on a basis of the size. of the inlet 
and outlet confiections. Traps of the same nominal size may 
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have widely different, capacities at the. same pressures as 
shown in. Table 1, When specifying, capacity, it is.necessaty. 
to state the pressure at, which it,,is required. . Capacities 
should always be! determined with hot ‘water delivered to the. 
trap, by steam at the necessary pressure; capacities determined. 
with cold, water and.a pump will be'too;high,. .. 

Steam traps (except expansion) will. operate: cstininetesiin 
‘at any pressure lower than the designed. pressure without 
change or adjustment, but with a smaller capacity. To secure 
maximum capacity the valve should always be adapted to the 
operating pressure;..When a trap is, likely to be used over.a 
considerable range, of pressures it should, be provided with 
several interchangeable:valves of different size. For pressures 
up to 300 pounds it has been found. sufficient to, use three 
valves. and ;seats, designed, for pressures.of 30, 150,and,300 
pounds. .. Table'.2. gives, the capacities as. determined, by, test 
of a'line of, bucket, traps .at pressures of 30, 100 and 200 
pounds, These capacities are the maximum quantity the traps 
can pass when — under: 
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“INSTALLATION, CARE AND OPERATION, 


“When ‘installed’ on’ shipboard, traps ‘are seldom 
and thé constant change in inclination, due to the pitching and 
rolling ‘of’ the vessel’'in seaway, may interfere with’ their 
action. “Many of ‘the’ bucket’ and ball-float traps’ lose their 
water seal and open the discharge valve, permitting steam to 
blow through wher inclined in a longitudinal ditection through’ 
an angle of about 15 degrees with the horizontal! "This diffi 
culty is to some extent obviated by making the operating mech- 
aftism as” compact as possible; it has also'’been found with 
bucket traps-‘that it is possible, to’ inctease ‘the safe ‘angle 
of inclination’ up to! about 25 degrees’ by imaking the bucket 
with ant inclined upper edge similar to that shown in Fig. 4, page 
244, JourNa, A. N. E. ‘May, 1918. ‘Whenever’ possible, 
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traps should be iristalled on vith their lorigitudinal 
axis fore and aft} thus decreasing the liability of steatn blow- 
ing through. ‘The operation of the traps shown’ in Figs. 6 
and 7, page’ 248, Journat, A. S. N.'E., May, 1918; is not 
affected by any inclination likely ‘to occur. | Expansion ‘traps 
are also free from ‘this defect as: they 
when installed in any position. 

When the pressures are subject to 
expansion traps are not recommended for use unless provided 
with an automatic pressure-compensating device. With some 
traps of this type it ‘is difficult to' maintain a given’ setting 
even under constant pressures, and in some''cases the tem- 
perature of the surrounding air hasan appreciable effect on 
the operation. Expansion ‘traps may be adjusted to give either 
a constant or an intermittent discharge; they do not become 
air-bound, but sediment and grease prove troublesome. Since 
they have no storage capacity, 8 or 10 feet of pipe should be 


When are at wwe ca- 
pacities the wire drawing at the valve is likely to prove 
destructive to the valves and seats; these should be arranged 
so they may be readily examined. and renewed when necessary. 
The continuous-discharge trap is well suited for use with long 


' discharge lines, preventing water hammer, and sudden shock 


likely to occur with the intermittent type under this: condition, 
Whenever possible traps should be located so. that the conden- 
sate will flow. to.them by. gravity. If, such a) location, would 
make the trap inaccessible, it may be placed at a higher level 

if the line to, be drained. carries a pressure of, 5 pounds, or 
more. The drain line should always be. connected.to, the 
lowest part of the line or apparatus to be dripped... _ A. trap 
should be connected to drain, only. a. single, line, unless, the 
pressures are known tobe identical; this is a tare condition 
and is likely to be disturbed from time to time... Traps may 
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discharge to a higher level than the trap if necessary ; it is 
usual to assume that the coridensate may be elevated two feet . 
for each pound of excess ‘pressure in the trap over that in the 
discharge line. Traps should always be connected up “with 
unions and fitted with a by-pass so that' the trap may be over- 
hauled without interfering with the proper drainage of the’ 
line. ‘A test valve or cock should be placed in’ the discharge 
line close to the trap to determine how the trap is fiinctioning. 
A blow-off line not than inch be provided 
for cleaning the trap. 
regular inspection of all traps shoul ‘be insisted | uipon, 
‘ and they should’ be promptly overhauled’ when i improper func- 
tioning is detected. Steam traps are prone 'to' leak due’ to 
cutting of the seat or scale lodging under the valve: Because 
under these circumstances there is no difficulty due to an accu- 
mulation of water, repairs are often a 
setious steam leakage to occur. 


are desirable aids for the condi- 
tion of a steam trap. -Under high steam pressures tubular 
gage glasses sometimes break frequently so that they are 
often dispensed’ with entirely. Gage glass fittings should be 
of the ball-check type ‘so they will be self-closing ih! case’ of 
accident. ‘An’ air cock is necessary with most of the’ float 
traps to relieve the air when starting, and at suich other times 
may be ‘Mecessary. A removable strainer placed at’ ‘the 
ttap inlet, of in the pipe line just before the trap, is often’ of 
value in preventing scale and ‘sediment peur, the working 

4d TESTING. thoy 10 


No, uniform code for testing steam traps has bes adnpned: 
New types of steam traps submitted for use in the Naval 
Service are subjected to the following tests (see JouRNAL OF _ 
THE AMERICAN Socigry or Naval, ENGINEERS, Vol. 28, No. 1, 


/ 

4 


436 NOTES ON STEAM TRAPS. 


February, 1916): (a) Hydrostatic pressure test of 150 per 
cent of the maximum working pressure, (ball floats. are. sepa- 


rately tested, to 500 pounds per square inch. (b) Functioning. 


test with steam pressures from 25 to 300 pounds, gage. (c) 
Capacity test. to determine the maximum quantity of water 
the trap can discharge under various steam, pressures. (d)_ 
Rolling test with the trap mounted on a rocking platform to. 
simulate the motion of a vessel in a heavy seaway. (e€) 

Endurance test. with, the trap installed for at least. three 

months in the power plant to determine whether it will, func- 
tion properly fora reasonable length of time. _ 

The. specifications. of the Bureau of Steam. clnatioei, 
Navy Department, for steam traps are as follows: (1) Traps, 
will be of either open-bucket or ball-float positive action type, 
unless otherwise specially approved. by the Bureau, so designed 
that they can be overhauled without disconnecting the pipes, 
and the bonnets removed without disturbing the lagging, They 
will be located where they are easily accessible for examina- 
tion; (2) the trap must be of a type that has given satis- 
faction in actual service on board a Naval vessel, or passed a 
satisfactory test at the Naval Engineering, ‘Experiment 
Station, Annapolis, Md. Ifa ball float is used the. ball must” 
be able to stand an external, pressure of not, less, than, 500 
pounds per square inch; (3) the blow-off will. be, arranged 
for hand operation, and must have a free opening — for, dis- 
charge, not less than 14 inch in diameter... ‘The drain (dis- 
charge valve), must, be high enough above, the bottom, of, the 
trap. to prevent, being clogged with sediment. All pipe con- 
nections to, traps will be made with union. -coluplings.. or ‘by 
flanges. All traps will have by-pass pipes and yalves, for con- 


venience of overhauling. All traps will be fitted with valves 
for testing. | 
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“Works ON STEAM TRAPS. 
TABLE I. 


| Nominal Wie 


A 


‘Kieley & Mueller | Bucket, 


Johns-Manville | 


|. 
Coxting Wales float 
Swartwout Bucket’| 
Ball 
 MeDaniel float |. 
Strong | ‘Bucket 


_ | Bucket | 
y Ball 
float 

float’ 


Variation of Capacity with Size of Trap. 
Nominal size, 


Diameter inlet | Capacity, pounds per hour under‘ stedm’ pressurés of; 


6,100 4,400° 400 


“Gay 
pressure. 
"Vance Bucket 1-4” | 145 | 26,380 | Compound vaive. 
200 |. 20,250 | Compound.yalve, 
Three valves open- 
Wright | 109 |) 7,350”) ing consecutively. 
Sterling. 1” 84 |, 3,600 
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TEST OF MAIN CIRCULATING PUMP. OF U. S. S. 
NEW MEXICO. 


“BY J. S. CoMMANDER, U. Ss. N., ‘MEMBER. 


On. account of limited facilities at the works of the. manu- 
facturer it was not practicable to test, the main circulating 
pumps of the New Mexico before installation in the ship and, 
as the contract specified pumps of a certain capacity against 
a certain head, it was necessary to test the pumps.after in- 
stalled. As these pumps are motor driven it was possible 
to measure the power input to the pumping set much more 
accurately than on any previous test on board ship, this on 
account of the much greater accuracy of electrical measure- 
ments over those obtained from the steam-driven units which 


-had formerly been installed on shipboard. From: the tests 


made on the motors during inspection at the works.of the 
motor manufacturer the efficiency of the motor at various 
speeds was known and ss power input to the pump v was 2 ies 
easily obtained. 

The static head was measured at six points as” Rasta in 
Figure. 1, the, location of: points being as follows: 


Point No. Location. Height above’ base line. 
1. In main injection pipe. 5 feet inches.. 
pump discharge 1 near pumps... 12 feet inches. 
3. At entrance to main condenser. 20 feet 10% 

4... At middle of rear water.chestof,., 


. ~At outlet of main condenser... . 22 feet 2 inches. 
6." In discharge j Pipe from condenser 28 feet 5. _ inches. 


The, water line was 30. feet 9 inches base Figure 

1 shows, the piping. from the above-mentioned points., One- 
half-inch pipes were led from each of, the points to a; manifold 
under the third deck, each line, being provided «with a 
Valve at, the mar ar nifold._ From this manifold a line of 4-inch 
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pipe and flexible arg was led to a gage ‘board vihieh was so 
arranged that it could be raised or lowered ina motor-room © 
air trunk, and this trunk was graduated at various heights. - 
For taking readings the-zero of the gage board was made _ 
to coincide with a graduation on the trunk, and it was there- 
fore possible to obtain the exact height above the base line 
of water level in the glass. All readings obtained are given 
in Table No. 1, columns 8-13, and are measured from the 
base. line. The reading at each point for each speed was 
obtained by opening the ‘valve at the manifold in the line 
leading from that point, with valves i in the other lines closed, 
and all readings were checked ‘until as accurate as possible. 
However, no readings at afty” ‘speed were taken until the speed 
of the motor was constant at the speed Set, and there was ge : 
little fluctuation in the gage glass. 
making’ calculations the readings from point No. 2 
_ disregarded, as it was believed from the beginning of the test 
__. that the readings from this| point ‘would be in error, this on 
~ account of the fact that the static-pressure tube used here had 
_ to be ptt in at a point where the piping between pump’ and 
. condenser “made a 90 degrees bend, the pressure tube being 
inserted -in this. piping through ae ordinarily 
used for-a fixed thermometer, 3 
pipe by means of two: velocity head tubes, approximately 90 
degrees apart, two tubes being necessary on account of The Sere 
fact that there was at no place in the piping a straight section. 
of sufficient length to insure an even flow, The arrangement 
of the gage board and: of, the piping and hose from the tubes 
is eb ns on Figure 1, an air cock being*provided at the tep 
of ‘the gage glasses to permit of drawing off air so that the 
readings would ‘come on the gage board. Graduated brass 
scales ‘were secured directly in rear of each gage glass. 
‘The tubes used consisted of an impact tube surrounded on 
its straight portion by a static tube, the connections from each 
being brought out rately, the connection from the static. 
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tube being led to one lég of the gage and that from the impact 
tube to the other leg. Valves were fitted in each connection. _ 

The ten-point method was used in getting the velocity head 

readings; thus, with the two velocity head tubes’ twenty: 
readings were obtained for each speed of the pump and the 
square of the average square root of these readings was taken 
as the velocity head at that speed. 

Before starting the test the pump was run under ibad until 
the motor was at a constant*temperature, this being not only 
the usual running condition, under which condition it was 
desired that the pump be tested, but also the condition under 
which the efficiency tests of the motor were made, ees 

The data obtained on the test is shown in Table No. 1, 
columns 1, 2, 3, 6, and 8 to 13, inclusive, but the data in 
column 9 was disregarded for reasons previously explained. 
Columns 4, 5, 7 and 14 give the data-calculated from that 
in the other columns, the capacities in column 7 being calcu- 
lated from the formula: Capacity in gallons per minute = 

8 12h X 530.9 X 60, whet) h equals velocity head in inches 
23 
of water, and 130. 9 is the cross sectional area of the 26-inch 
overboard-discharge pipe. ‘The total heads as given in column 
14 were obtained by taking the difference in readings between 
points 1 and 3, there being no loss between these two points 
except the small amount of loss of head due to friction, which 
is disregarded in the calculations, and the velocity heads at 
these points cancel each other since the injection and discharge 
pipes are of the same diameter. The data given in columns 4, 
5, 7 and 14 are plotted on Figure 2, fair curves being 
plotted. From these curves the data given in Table No. 2, 
columns 1, 2, 3 and 5 were picked off for speeds varying by 
50 r.p.m., but it must be understood that any data or results 
for speeds lower than 200 f.p.m. are only approximate, that 
being the lowest speed used on the test. The efficiency of 
the motor as given in column 7 of Table No. 2 was ‘obtained 
from acceptance test runs made on the motor at the works of 
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TABLE Na/ 


Pa: 


‘BRERERER 


ais 
ole ar warer cocurny | 
kK ACW. IN FEET AT PONT 
Sie 
| 1851 2/| 2026) 2046/2535] 6.02 
| 200| 22.6) 220] 0260 |28.7/ |84.09) 7.79 
| 320|.828| S06) (2220 92,63 |82.68|2092 |2568| 10.62 
287 | 24,20|/7680 |2/.00| 9206 [4.96 |2293|2079| 20.96 
287 160.44 24,16, /878 _\20388 41.46 98) 63|26-83)| 23.50 
| 7601 $3.59 
287 |880 3472|22520 |/279 86.22 
TABLE Ne.2 
@ \WHP| AR Erricrency 
CAR IN TOTAL \InPuT oF 


$00 | 2/450 33.5 84.48 |2¢S.00| .753_| | .82 
6/8 |22200 | 36.22 44 |279.00| | .9/05 | 
Taste No.3 
es | ¢ | 
: 86.25 
= | READING AT POINT | minus DIFFERENCE BETWEEN | a7 POINT 
READINGS AT POINTS 
200 227/ 1.04 A92 1.28 0.08 
248 128.77 1.54% 2.87 467 | 438 0.88 
290 |28.2/ |38-68|29.94 2.0% | 3.77. 2.35. | 2.09 0.98. 
33S |22.09\96.5¢ 120.38 |25-68; 3.2/ 3.08 2.76 0.38 
|21.00/41.96 |9438 | 7.58 AES 
440 4.87 8.34 4.91 4.80 0.58 
S00 |\/%2/ |82.25|26.2/| 6.04 _|/4./7 6-38 | | 0.96 
£18 7-46 | 6-9/ 6.38 
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the manufacturer. The data given in-columns 4, 6 and 8 was 
calculated, the water error nang obtained from the 
formula : 
W.H.P. = total head (in feet) x capacity (G. P. M. x. 
58 

the constant 3,895 being used as the water was salt, this don- 
stant being obtained by a careful determination of thie density 
of the water in use. 

All data given in Table No. 2 is plotted on | Figure 3 
and an inspection of the curves shows that these curves are in 
general the same as those generally given for circulating pumps _ 
running on condensers, that is, the capacity curve is a straight 
_ line, the capacity varying directly as the revolutions; the head 
: varying as the square of the revolutions and the horsepower 
approximately as the cube of the. evolutions. ‘The motor 
efficiency and set efficiency curves dre each plotted as. two 
curves, the motor being run on either: 120 or 240 volts, the 
120-volt connection being used: on speeds: up: to. about. 360 
r.p.m., and the 240-volt connection for speeds above.that. It 
will be noted that there is a change of curvature\in’ ‘the pump- 
efficiency curve between 400 and 500 r.p.m., but this same _ 
curvature was found on two test runs, and it will be noticed 
in a description of the tests of the circulating pumps on the 
Nevada and North Dakota as given in this publication in — 
_ February, 1918, that this same change occurred in the epeency. . 
curves of these’ pumps. 

The New M exico’s details are 
_ shown in Figute 4, are of the Bureau of Steam Engineering’ s 
_ standard circular type, and the arrangement of pumps;: “con- 
denser. and piping are shown in Figure 1 for the starboard 
_ main turbo-generator... The circulating pumps were built by 
the Alberger Pump & Condenser Compariy and. the driving 
motors by the General Electric Company, the unit tested bear- 

“ing the following data on the name plates: = 
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Alberger Pump & Condenser Co., 
No. 616244, Type—MPC, Form A. | No. 8692. ~~ 
Amp. 450/870 Volts, 230. | Cap. G.P.M. “Head, Feet. 
K.W. 93.25/186.5. 10,000" 9.5 
H.P. 125/250, Continuous service. | 16,000... 415 ie 
Speed, 400/500, “1900 
Wound Shunt. 21,600 560+ (86.0 


The pump, its general dimensions, and elevation and cross 
section are shown in Figures 5 and’6. ~~ 

In Table No. 3 is an analysis of the. various parts of the 
total head. Columns 2, 3, 4, 5 and 6 of this table are copied 
from columns 8, 10, 11, 12 and 13 of Table No. 1. .The. 
water line was 25.25 feet above point No. 1, so the differences 
between 25.25 feet and the readings at this point represent 
the suction head on the pump at the various speeds; these. 
heads are given in column 7%. The differetites between the 
readings at points 8 and 4 and at points ‘4 and 5 show the 
loss of head in-the lower half and upper: half of the condenser 
respectively, and ate tabulated in columns 8.and 9, respectively. 
The differences between: the readings at, points 5 anid, 6 repre- 
sent the loss in the exit nozzle and a 90-degree bend in the 
discharge pipe, these differences: being. given iti’ ‘column 10. 
The differences between 25,25. feet and the readings at point 
No. 6 represent the loss of head in the overboard-diécharge 
piping, these differences being tabulated in-column 11.. The . 
data, ‘given-in columns % to 11, inclusive;“Table No. 3, was 
plotted: on Figure 7, and curves were “drawn through the 
points, It will be noticed that of cutves Nos. 1 arid 6, which 
represent heads ‘due principally to resistance from bends, No. 6 
is much lower thar No. 1; No. 1 being the resistance of the 
injection piping- -and valve which ig: a_6-inch 
valve, while No.6 represents the resistance of" the bends of the- 
discharge piping, which bends are much easier than those in 
the injection piping, the resistance of discharge valve, which is 
a 26-inch gate valve as against an angle-globe valve in the — 
injection line, and the resistance of the water leaving the ship’s 
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bottom. Curves “3 and 4” and “4 and 5” represent con- 
denser resistance, and it will be noted that “3 and 4” is much 
_ greater than “4 and 5.” This is; undoubtedly due in a large 
part to the great difference in the number of tubes in the two 
parts of the condenser, the lower part, having only 4,182 tubes, 
whereas the, uppér part; has, 4,719 tubes...Curve “5 and 6” 
represents the. resistance of.the discharge nozzle of the .con- 
denser, which includes a short-radius 90-degree bend... 
Several. times, since the above test .was run. the; speeds, of 
the pump and the ampéres, input have been, checked against 
the speeds and input as used on test, and the test conditions 
found to be the same as the usual, running conditions. These 
_ units have operated very. satisfactorily, and when both pumps 
‘were recently operied for examination it was" towne ‘that they 
were int excellent condition: 
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THE WILLIAMS REFRIGERATING: MACHINE,” 
test of the Williams 
tured by the ‘Electrical Refrigerating Co., Int., New York City, 
was made at the Naval Engineering Ris pertitienit Station, 
Annapolis, Md., under authorization of the Bureau of Steam 
Engineering of the Navy Department. A description. of the 
machine with some of tie test 


‘DESCRIPTION OF MACHINE. 


A sectional elevation of the machine appears in Fig, 1. and 
a sectional plan in Fig. 2. A general view-of the machine is 


_ shown in Fig. 4 and the compressor parts are shown in Fig. 5. 


The operating parts of the machine, including the rotary 
vapor compressor, the vapor condenser, the refrigerant-control 


valve, etc., are all inclosed within a vertical cylindrical casing 


having a dome-shaped head. This casing serves as a 
reservoir for the refrigerant (ethylchloride) and the lubricant 
(glycerin), and also forms a jacket around the compressor for 
the cooling water. The shaft of the compressor projects 
through a stuffing box in the casing and is driven by an electric 
motor mounted on a common base plate. Automatic-control 
devices are mounted on a larger wooden base plate. 

The vapor compressor is of the rotary type, as shown in 
the cross-sectional view, Fig. 1. The rotor, mounted eccen- 
trically within the cylinder, has four radial slots containing — 
blades which are thrown out by centrifugal force against the 
cylinder. Two pressure-equalizing slots are provided in the 
forward face of each blade. The various parts of the vapor — 
compressor are also shown in thé photograph, eg 5, taken 
after completing the test herein described. : 
_ The rotor shaft is supported in ball bearings cuasted in the 
cylinder heads. The heads are bolted to cylinder with 
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‘through ‘Bolts, and they are held in’ alignment’ by ping. 
It was stated by the exhibitor that the proper locations of the 
ae ‘pins were determined after assembling, the heads being ‘ 


of the 


“LINE. 


‘for the dowel’ Packing tings of 
round. rubber are between ‘the to 

prevent Jeakage. 
and replaced in the machine. Referring to Fig. 1,'the-shaft 
coupling, the stuffing box and its nut are first removed. The 
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cover on the opposite side of the casing is then taken off and 
the: assembled, compressor , withdrawn through | the, opening. 
The, section and discharge. connections to the compressor are 
made by two. projecting nipples sealed. into corresponding 
openings in the casing with round rubber packing 1 rings. Simi- 
lar packing rings are used to prevent leakage of cooling water 
between the compressor and the casing. It is proposed by 
the exhibitor to supply a spare pores, with each machine 
to be used on shipboard. 
_ In the upper part of the casing, Fig. 1, are located the 
cooling-water coils for condensing the compressed vapor from 
the compressor below. On machines intended for domestic 
service the cooling water enters through®a . strainer. and-an 
automatic valve containing a diaphragm acted on by the com- 
pressed refrigerant. When the pressure ‘of the refrigerant 
exceeds a certain predetermined value the valve is opened, 
permitting cooling water to enter the machine. When the 
machine is shut down the reduced pressure of the refrigerant 
_ permits a spring acting on the opposite side of the diaphragm 
to’ close’ the valve and thus automatically shut off the supply 
of cooling water. On. machines for r_use .on shipboard this 
automatic valve will be omitted, and it was, therefore removed 
during this test. With machines for ‘use/on shipboard, it is | 
also proposed to provide a small cooling ‘water pump driven 
by an electric motor under'the control of the same automatic — 
“devices-as the main motor, 

The cooling water enters by the pipe marked and passes 
through a hole in the casting to the nearer flanged fitting. 
The ends of the copper condensing coil are connected to the 
flanged fittings as marked. After flowing through the con- 
densing. coil, the cooling, water,;passes. through. a second hole 
in. the: casting and an. opening. under, the plug shown. into the 
space below surrounding the compressor. From this. space 
the water is. Pipe bela the 
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‘The ‘refrigerant vapor returns from an expansion coil or 
cylinder, located: where the refrigeration is desired, through 
a strainer and a check valve to the pipe marked: “ vapor 
return” in Fig. 2, and thence directly to the suction. side. of 
the rotary compressor. From the discharge side of the com- 
pressor, the compressed vapor passes upward to the separator 
marked in Fig. 1 in which the entrained lubricant is separated 
from the vapor, The vapor escapes through the holes at the — 
top of the separator and is condensed on. the. helical copper 
. coils. When the liquid refrigerant level in the casing rises, . 
the “ float” is raised, thereby opening the valve to which the 
float is attached and permitting the liquid refrigerant to trickle 
_ through the pipe to the expansion coil or cylinder, A. strainer 
_is provided ahead of the float. valve. sf 

. Lwbrication is effected by the use of glycerine contained 
. in the “ ‘lubricant reservoir.” The “ glycerine tube” is con- 
nected’ at its upper end to the vapor return pipe, A small 
orifice at, the lower end of the tube, inclosed bya fine mesh 
strainer, determines the amount of glycerine that. will be fed 
into the compressor, After lubricating the inner. parts of. the 
_~ compressor, the glycerine i is discharged with the compressed 
_ Vapor into the. separator, where it is separated from the. vapor ‘, 
and returned through a drain tube to the lubricant reservoir. 

Lubrication of the ball bearings of. the compressor is also 
insured by glycerine passing up | the tube to the annular space 
shown, thence to. and along the shaft to the ball bearing on 
the stuffing-box. end. A hole through the compressor rotor 
conveys the the ball Deering of 
the shaft, - 
A specially-designed is used. The. shaft cou- 
pling of case-hardened steel, pinned to the end of the shaft 
and, revolving with it, is counterhored about inch. around 
the shaft. A projection on a steel cap is ground to fit into 
the counterbore of‘the coupling. This cap is held stationary. 
Sas the shaft revolves by being connected by riflex tubing to the - 
stationary bonnet. A helical phosphor-bronze spring presses 
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the cap into the’ coapltig but the pressure of the glycerine 
within the folds of the riflex’ tubing is stifficient' to produce a 
tight joint, and it is evident that the tightness of the joint 
increases with the tendency to produce leakage by reason of the 
greater internal pressure. : 
Sight glasses are provided in the yl ea casing, as seen 
in Fig. 4, to show the levels of the refrigerant and the lubri- 
cant therein.’ ‘The casing may be drained of both ‘refrigerant 
and lubricant through the “drain pipe” Pressure gages are 
- provided ‘to indicate the ‘refrigerant suction and’ discharge 
pressures respectively. The latter gage- contains a special 
electrical contact-making device for shutting down the motor 
should the discharge pressure become excessive. 
_ The refrigerating machine tested was size Bs and ‘was 
driven‘ by a 220-volt electric motor at 1,100 r.p.m., operated 
in conjunction with a thermostat and a oo gage equipped 
with an electric contact device. 
~ The atitomatic operation will be explained by the aid of 
the diagrams in Fig. 8, the heavy lines showing the main 
circuit, and the light lines the control circuits. The controller 
Consists essentially of a contact device in’ ‘the main motor 
circuit, operated by an electro-magnet which either opens or 
‘closes the circuit when energized momentarily. The upper 
‘diagram shows the position of the controller when the motor 
_ ig running, the contact in the thermostat being made on the 
high-temperature point H, and that in the pressure gage on 
the running point R. Should the temperature operating the 
thermostat fall until contact were made on the low-temperature _ 
point L, the auxiliary circuit through the electro-magnet on 
‘the controller would be closed momentarily ; consequently, the 
‘main Circuit would be opened and the motor and refrigerating 
‘machine stopped. The auxiliary circuit would also be closed 
should the pressure rise until contact were made in the pres- 
“sure gage on the stopping point S. “The ‘auxiliary circuit is 
always broken on the heavy contacts.in the controller and not 
on the smaller contacts in the pressure gage and thermostat. 
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‘The lower diagram shows the contnions after the motor has 


been due to low If the 


29 


when the pressure. drops. A. push button. on the pressure, gage 
"must be depressed‘ to again start the motor, A fuse F is pro- 


vided i in the. auxiliary-control circuit, 
The weight of the machine, and motor with the ‘automatic 
control apparatus mounted on a wooden base plate as shown 
was 264. ‘pounds. ‘The outside dimensions. of. the.. machine 
were 17 ¥% inches wide, by, 3734 inches long by. 2414 inches 
high, came to a volume of 9. .3665 cubic feet, . sty 
With the refrigerating machine the exhibitor. furnished. an 
insulating cabinet, as-seen in Fi ig. 6, containing a. brine, tank 
and an expansion cylinder 1 to, serve in conducting the test... The 


cabinet was about 29 inches square by 44 inches high, . 'The. 


brine tank within was | 17 inches. square by. 33, inches - deep. 


The expansion cylinder ‘was. 13 inches, inside, diameter, 14% 


inches outside diameter and. 26%, inches, high, the refrigerant 
being containe in the annular space between n, the. inner, and 
outer walls. T 1 liquid refrigerant supply line. of. J%-inch, pipe 
was connected 1 to the bottom of the expansion. cylinder, . _The 


vapor line of pipe branches and. was. connected to.the 


top of the expansion cylinder at the opposite ends of a diame- 
ter. A ¥%-inch glycerin-return pipe, having a valve i in it, was 


also connected, from the bottom of whanacscnio cylinder to 
the vapor-return 


+ onyeer: ‘OF TEST: 
onthe of the’ test Was to 

capacity andthe economy of the inachiné under various tem- 


peratures of refrigeration. Also, to note the general operating 


characteristics of the machine the of its 
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“test “AND fol 
sad 


“The test arrangement is shown i in the Fig. é 
and Fig.'7. 

~The electrical input’ to ‘the motor driving the refrigerating 
machine was measured by means of an ammeter in the arma- 
ture circuit, an ammeter in the field circuit, a voltmeter. con- 
rected ‘across the armature and a voltmeter connected across 
the: Series and | ‘interpole fields, all mounted ¢ on the: table ‘seen 
served to measure the rotational speed of both the motor aad 
the vapor cofipressor of the refrigerating machine. _ During 
the performance Tuns the automatic temperature control was 
not in operation. The pressure gage G, however, ‘was con- 
nected fo the coritroller to automatically stop the motor should 
the vapor ‘discharge pressure become excessive. 

‘The’ test gage G, ‘served to. ‘measure the ‘pressure ‘of. ‘the 
compressed vapor from ‘the rotary compressor. ‘mercury 
thermometer T, was inserted in the gage connection to measure 
the temperature ‘of the compressed vapor. ‘The bulb of ‘this 
thermometer was directly exposed to the vapor, and therefore 
subject to ertor by’: reason of the vapor pressure on the bulb. 
The thermometer Ts projected into the vapor space within the 


The thermometer ‘was tied ‘to the of the cor 
veying the liquid to the cylinder within 
the cabinet. 

The pressure and temperature of the vapor returning from 
the expansion cylinder were measured by means of the gage 
G, and the thermometer T, respectively,,, The bulb of the 
latter was directly exposed to whatever vacuum the refrigerant 


- yapor was under, and also to radiation of heat’ from the, pipe 


walls, . The. vacuum at, the compressor. inlet was indicated by 
gage C, and also by mercury column M,. A mercury trap 
was provided on the latter to prevent loss of mercury. A 
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mercury thermometer Was ‘also inserted in the compressor 
inlet. The mercury column M, meastired the drop in pressure 
in the ‘return: vapor lirle between ‘the expansion cylinder and 
the vapor compressor, including a check valve and’ strainer 
the teftigerating T indicated the 
room terhperature. 

temperature tndiated on thermometer that of the 
cooling water supplied the imachine, was regulated to the de- 
sired valué by the amount’ of ‘steam admitted to the surface 
heater H.” The cooling water passed through the coils within 
the heater. ‘The steam was admitted tothe bottom of the shell, 
which’ was’ filled with' water, an’ overflow 'béing provided at 
the top.’ In previous ‘tests it’ had been ‘found that the tem- 
perature’ of the circulating water could’ be’ maintained’ much 
more nearly constant in this manner than if the steam were 
admitted in the usual manner and the condensed’ steam drained 
off at the bottom. The outlet temperature of the’ cooling 
water was measured by thermometer T,. The thermometer T, 
projected’ into the cooling water leaving’ the condenser and 
entering 'the jacket space. “The pressure drop of the cooling 
water flowing through the refrigerating machine ‘was indi- 
cated on mercury column M;. The ‘Water was 
charged into the tanks W and weighed. 
The’ brine in’ the tank within the cabinet was 
iniéans of ‘the’ motor-driven'pump P. ‘The expansion oylin- 

_ der within rested on the bottom of the brine tank. ‘The’ brine 
from the pump ‘was’ discharged’ through ' a pipe’ Projecting 
downwards’ within’ the expansion ‘cylinder nearly’ to its: base. 
Rising‘ within the’ expansion cylitider; thé brine overflowed thé 
upper edge ‘and passed’ dowhwards over’ the otiter surface of 
the cylinder’ to’ the briné-pump | suction” contiected 
the bottom of the brine tank. 

THe temperature of 'the brine in the’ pipe 
was tieaguréd by the ‘mercity thetmoineter ‘atid also" by 
platinum resistance element connected: 
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ance with which was used,a highly 
vanometer not seen in the photographs... 

A heating coil. was also immersed in. the brine. smiihia the 
expansion cylinder. The. electrical, input, fo this, heating. coil 
was measured by the ammeter , and voltmeter, E.. The volt- 
C in order, that the instrument, staat, indicate. the, potential 
drop within the cabinet, only, The. watt-hour meter F, was 
also connected in the. heating-coil, circuit, ‘The aneroid, baro- 
meter A. ‘served to measure. the atmospheric pressure. 

_ After setting up the apparatus as described above, the losses. 
in the electric. motor were. first determined. armature 
resistance loss for various ; armature, currents was found by . 
reading the yates drop across the brushes, for armature, curs - 
shunt, and series fields being, disconnected. and the armature 
slowly rotated by hand, . The stray power loss. was calculated 
from, the armature current and yoltage drop at. various rota- 
tional speeds, obtained, by, varying the impressed voltage. or the 
field current. slightly from the normal value, the motor, shaft 
disconnetced from the shaft of, vapor 


being connected to the bridge, by. pneasuring, its resistance: in 
melting ice and ave steam. within, a. 
hysometer. stodtod orlt toh 
All, were, calibrated, before ‘the runs. 
The pressure gages were calibrated before and after the an, 
and at times between.the runs. ‘The: platform, scales, were 
adjusted to read accurately, . The. electrical, instruments had 
been calibrated before. the, runs... resistance 
was calibrated as described. 
Runs: were. made at constant and, ‘with cooling ‘water 
at. room, temperature and. at 90 degrees .F, Runs,were also 
made. in. which, the refrigerating machine, was, shut, down and 
‘the valves to the expansion cylinder closed, in order to cal- 
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culate the heat imparted by the brine pump. and absorbed 
from the room. ‘The results, from, the test 
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chloride; are taken ‘from ‘the’ full-line curve’ of Fig.'8, ‘corre- 
spondiig to the absolute pressures noted.” In this ‘figure ‘are 
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also plotted dotted lines ‘ten, fifteen atid twenty degrees above 


the full-line curve.’ 


"These temperature’ ‘differences are ‘con- 


sidered fair values for cooling ‘brine, for coofing | a room by 
direct expansion,and-for-cooling a room by brine~ circula- 
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Fic. 9. 


THE WILLIAMS REFRIGERATING MACHINE az. 
SIZE 85, NO. 129. 
me LECTRICAL REFRIGERATING CO, INC. 
— 90 DEGREES FAHR. ze % 
< 7S DEGREES FAHR. 
20 
24 
2e 


EAT SUPPLIED PER BTU. OF .REFRIGERATING EFFEC 


LNG 


MERCURY 


be kept at 40 degrees, F.,, the vapor: pressure carried. in. the ex- 
pansion coils must be, 13.8, inches. mercury absolute if the, room 
is cooled by brine circulation. If cooled by direct expansion, 
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the vapor presstit “mist be 15.4 inches mercury absolute.’ To 
cool brine to 40 degrees the-vapot pressure 17.5 
inches absolute. More generous 
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PRESSURE AT: EXPANSION CYLINDER, INCHES KAERCURY ABSOLUTE... 
ORIG? to. 
face in the expansion coils would, of course, result j in lower 
temperature differences than indicated in Fig. 10. Thus, with 
the expansion cylinder furnished for this test, the: 
difference was orily about five degrees F. 
At whatever ° vapor pressure it may be necessary to operate 
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the machine tested, the. corresponding. Capacity and economy 
are shown by the curves of Figs, 9 and 10, We, find that, with 
cooling water at 90 degrees F,, the refrigerating, capacities of 
this machine, corresponding t to she absolute vapor pressures in . 
the preceding paragraph, are 20.2 ‘pounds of ice melted per 
hour to cool brine.to 40 ‘degrees F., 17.2 pounds per hour to 
cool a room to ‘the same temperature by direct. expansion, 
and 14.6 pounds per hour to cool a room to that temperature 
by brine circulation. These capacities correspond to the tem- 
perature differences on Fig. 10. If the ‘temperature difference 
for.cooling brine were only five degrees as with the expansion — 
cylinder furnished, the vapor pressure for a brine temperature 
of 40 degrees F. would be 19.6 inches mercury absolute and 
the corresponding capacity would be 23. 2 pounds of ice melted 
per hour. The capacity of ‘this refrigerating machine when 
producing a given refrigerating temperature thus depends upon 
the extent and effectiveness of the surface in the cxppasion 
coils as well as upon the size of the machine. 

The capacity of the machine is a function of the vapor 
suction pressure, as shown by the curves of inclosures (S) to 


(Z), inclusive. For a given temperature of refrigeration, the- 


vapor pressure and consequently the capacity of the machine 

will depend upon the condition of operation. Thus, 
For a room cooled by fhe circulation of = the cappaitct 

in 1 obtain: 


TABLE I. 
degrees F. Capacity, 
Pressure of effect. 
refrigerant, 
Room |) \Brine:». Refrigerant}... mercury per day 
|... absolute. 


Cooling water, 90 degrees F. 
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For a room cooled by direct expansion, the capacities cor- 
responding to various temperatures are given in Table 2. 


‘Temperature, degrees Capacity, ice-melting 
Refrigerant “mercury Lbs. per hr. (Tons per day 


15.4 
15 12.2 12.2 10.146 
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Cooling water, 90 degrees F. 
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An an additional feature of the JouRNAL, friends of the 
Society have suggested that a few pages be devoted to the 
proposition of engineering problems and their solutions, the 


object being to stimulate interest in reviewing mathematical 
subjects and to establish a'clearing house for the solution of 
engineering problems encountered in practice... 

“Such a feature, if successful, will be of value to the octty 


~ and the JourNaL, in that it will provide a means for proposing 


problems whose solutions are of general interest and may well 
be the premises for discussion at seogth in the form of con- 
tributed articles. 

To be successful this feature must arouse the interest and 
appreciation of the members of the Society and the sub- 
scribers to the JourNat. The principles involved in the prob- 
lems proposed must be varied and the solutions must range 
in difficulty from simplicity to the latest methods of higher 
analysis developed for the treatment of practical problems in 


_ Yadio-telegraphy, elastic structures and thermodynamics. 


‘Comment and criticism from the readers of the JouRNAL 
will be appreciated. If the problems proposed in this issue of 


the JouRNAL and the idea of incorporating similar problems - 


in future issues meet with favor, effort will be made to 
publish as interesting and out-of-the-ordinary problems as can 
be obtained. Readers are invited 'to submit problems in which 
they are interested. Solutions will be published if of —* 
interest and space permits. \ 


PROBLEMS FOR SOLUTION. 


Problem No. 1—Administration—An Actual War Problem. 


In October, 1918, the Bureau of Steam Engineering re- 
ceived the following despatch from Admiral Sims: 
“U. SiS. 


——, after discharging completed, will require | 
_ docking to renew broken stern bush. In order to reduce time 
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in dock, request you wire dimensions of brass stern bush as 
fitted i in stern tube in order rough casting may be made before 
vessel docks.. This can, be obtained from 
vessel prior to docking.” 

The vessel. referred to had. ‘built on ‘the Coast, 

and the only blue print showing dimensions of the stern-tube 
bushing was in the files of the Emergency Fleet Corporation 
in Philadelphia. A description of the stern-tube. bushifig. with 
all dimensions was obtained by. telephone. and the following 
despatch transmitted ; 
Vibe Outboard stern-tube bushing sixty. ‘and ‘one-half ‘inches 
overall comma, outside diameter \nineteen and one-quarter 
comma inside diameter eighteen comma. outboard flange diame- 
ter twenty-three comma thickness one and one-quarter, comma 
inboard. keeper flange sixteen. and one-half, inside diameter 
thickness. one-half, period Inboard, bushing, twenty-four: and 
one-half inches overall comma all diameters same as, outboard 
bushing comma bulkhead flange. twenty-three, diameter, thick- 
ness one and one-eighth comma set back three-quarters from 
inboard end period wood one inch thick period Shaft diameter 
over sleeve fifteen and fifteen-sixteenth comma bearing sleeve 
sixty-three and one-quarter inches sit All dimensions 
finished.” 

Referring to this case some time later, th Bureau was 
advised that “the cable in question came without efror ; the 
rough bushing was cast front*the dimensions given, but not 
machined until-the-vessel-was:¢ nd finished 
checked.” The, results are/very gratifying in that the casting 
was available on the day. the’ ship docked, thus | reducing the 
stay of the-véssel.in dry dock- -by four-da 

Make a working sketch of the ste ibe. bushings from 
which the founidry and machine shop work can by 


Probiem No. 2—Design—M echanic. Theory’ of Elasticity. 


In heavily loaded frame structures the. elongation or com- 
pression of the various ‘elements prodiiées secondary stresses 
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in the elements which may be sufficiently gréat to’ cause failuite 


of the entire structuire—the Quebec Bridge disaster “was 
claimed to have’ been 'so caused. ‘To safeguard frame struc- 


tures architects and civil engineers make use of the “ principle 


‘of least work” in assigning safe stresses to the structural 
‘elements. ‘The “ principle of least work” 'statés that the sum 
of the elements of work done in distorting the individual struc- 
tural elements is a minimum for any given load on the entire 
‘structure. In reduction gearing for marine turbines the pin-— 


ions transmit a considerable torque and undoubtedly. suffer 
some torsional deflection, but for each half of each pinion to 
transmit the same tooth pressure there must be no relative 
torsional deflection ‘between the two halves of the pinions. 
The Melville-McAlpine reduction gear recognizes this prin- 
ipl and provides for axial deflection of the floating frame. 
Can the “ principle of least work” be utilized in the design 


of pinion shafts or couplings so that the tqpth pressures on 
‘each half of the pinion will always be equal? How? : 


Problem No. 3—Design—M. echanics—Caleulus—Shop 
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plans to give counterweight the’ shape dircular' seg"! 
ment the outside radius of which, R; is given.’ How cat’ such’ 
a counterweight be designed'so that its/axial\ width may be 
minimun if This, means, of course, that , the product of the 
area of the ‘segment by the distance, i, of its center of gravity 
from the center must be maximum. Having found the solu- 
tion, indicate“also the curve, giving the efficacy: of such a 
counterweight, between the two extremes, and 
the result is perfectly simple and scientifically, correct, but. the, 
designer. does not. like it and decides to sacrifice some of. the, 
features to secure, a result more : attractive from the standpoint 
of the practical engineer, By what. considerations. will he be 
guided i in the contemplated, departure f from the raat aad 


‘Problem'No. it 


‘rod, 4.9 feet long, suspended by. one of its ends, 


if). 


forin small’ tee oF single beats 


minute. It is also a well-known fact that, if suspended 
point, one-third the length below the top end, it will osci de 
with the same frequency ; while, when suspended at its, middle, 
such a pendulum will, of ¢ ‘course, have ; zero frequency. , 
Consequently there must be an intermediate such that | 
_ the corresponding : rate will be: a maximum. 
(a) to locate such a. point; 
‘to find the corresponding, rate; is 
c) to draw. a a.curve connecting the 
corresponding point of suspension. 
‘is to have been. proposed originally. 
"Admiral H. Bur urd.) tio bas tight ne ww hen 


Problem No! (9) 


Find the strongest beam, of rectangular section’ that can be 
sawed out of a round log whose. diameter is D. This, of 
course, is a ‘well-knowh ‘problem, but it can “be solved i in two 
ways ; one involves trigonometry and the other does not. _ ‘Both 
can be obtained in two or three lines; having secured these, 
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' draw, a curve, of which the solution just found will be the 
- maximum, and whose extremes, OFTSADORE to the zero-breadth 


"Bind the stiffest beam of rectangular section that can be : 


sawed out ofa round log whose diameter i is D.. 


fot Problem No. 


“Tmagine. a coil spring of the following characteristics: the 
extension of one inch means thé pull of 4 pounds; then 4 is 
the so-called spring constant. “To draw a diagram of such a 
spring assume that one end ‘is fastened; take the other end 
as origin of ‘codrdinates and direct the axis of abscissae along 
the center line of the spring; the’ ordinates will represent the 
pull, and the deflection curve will, of, course, be given by a 
straight line, beginning at the origin and inclined to the axis 
of abscissae at an angle such that i its tangent ae : 

It is required: | 

(a) To complete the diagram for the case when the spring 
is to work in compression as well as in tension, _ 

“(by To draw a diagram for’ the case where a ‘flat plate’ is 
placed between two springs, characteristics 
and p, respectively. 
loaded, so that the flat si is page to a ‘compression of p 
pounds on each side. mat 

“(d) Same as (b), except “that inside each sf spring are placed 
shorter springs, of characteristics and respectively ;. the 
latter: springs do not come into play for. deflections smaller 
thax m on the right and n on the left side.” 

(e) Same as (c) and. (d):combined) 


formulae of (or energy), W, i in ‘terms 
of displacement, to the five types given | in 
problem No. 
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_ Find the displacement rate of energy da/dl, and study the 
law of increase of the kiiied if the independent siaiuacmtigne 
is equicrescent. 

Find the energy rate of displacement, dl/dw, and aie the 
law of increase of the displacement, in each case, if the inde- 
pendent variable, W, is equicrescent. 


weight, P pounds, 'is ‘supported ' by a ‘coil: 
length, J, characteristic, A, find period of free 
such a system. 


A weaker spring, length’ characteristic is inside 
the’ spring of problem No. Find: the free of the 


N 0. 


Ha half-inch hole is drilled through the shaft of a at 
45 degrees to its axis, and if the end of a piece of cold-rolled 
steel 12 inches, long i is inserted and fastened theréin, is such a. 
system out of balance statically, dynamically or both? The 
system is started from rest and accelerated: uniformly. for. t 
seconds, at the end of which, petiod the speed is reathed of n 
r.p.m., which thereafter remains constant. At) what’ time is: 
the rod in. question: subject to greatest stress, and what is. the, 
required in bringing the’ motor to: that 


| 


Problem No. 12—For Amusement Algebra. 


While not an ‘engineering the: ot his: 
torical interest : 

“The combined ages of are years, 
and Mary is ‘twice as old as Ann was when Mary was ‘one: 
half as old as Ann will be when Ann is ‘three times as old as. 
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NOTES DD At 


_NAVAL CONSTRUCTION THE WAR. 

By Sm Eustace TENNYSON p’Eyncourt, K.C.B., 


Having obtained’ the’ sanction the Admiralty to give some particulars 
of vessels added to the fleet during the war, I suggested to the Council 
of the Institution when putting; forward proposals for reading: a, paper, 
that. in view of the very large amount of design work and construction 
carried ‘out ‘bythe’ Admiralty during’ the period under review, it would, 
on the whole, be most useful and interesting to give a sketch and general 
summary of all the work rather than select a few types of warships and 
give a more detailed account of their design and construction. 

I need hardly: say, that-withim the limits of time and: space available for 
a paper read at this meeting it would be impossible to go fully into 
more than, one or: tp PF. the, sithoual perhaps 
it may be thought that a complete story of some of them, such as’ the 
Renown and) Repulse; or the monitors, might make more attractive reading: 
to our members. Still as the accounts of so many other, important types 
would have had to stand over it appeared that the best course’ would’ be,’ 
as I have said, to give a general account of as many as possible of the 
ships added to the fleet during, the last four and a.half years, and this 

Immediately. after war was, declared, great pressure was. exercised, to 
complete the ships then building for the Navy, and to ‘order such’ other 
vessels: as could be,designed. and. finished iin, the shortest possible. time.. 
Many very wise people told us the war would only last a year or possibly 
eighteen fact it carkied on Tor lomger 


This view necessarily colored all that was done in the way of naval 
design’ andi ‘construction. ‘Generally speaking, therefore, ‘the’ construction: 
of new; }ecehips -was ruled out. With the acquistion of the Agincourt, 
Erin and Canada, which were building here for foreigh Governments in® 
private yards, and; bearing in mind the early completion of the’ remaining, 
two vessels of the “Jron Duke” class, shortly to be followed by the 
vessels ‘of the“ Queen Elizabeth” ‘class, weihad a great ‘preponderance of 
heavier: capital ships, or Dreadnaughts,, over. the enemy, and as this class, 
of ship takes longer to design and construct than ary other, it was 
obviously a prudent course to concentrate on such types as were specially 
needed and could be built more quickly...) 

It be the of the which 
was from the first nning to loom as a vital factor in the war, pointed: 
in the direction of large numbers of patrol boats, 
and smaller types of vessels to deal with this menace. . No time, thete-,, 
fore, was lost in placing orders for additional destroyers, submarines, 
light ‘cruisers, sloops, min¢-sweepets, patrol boats, &c.; and very soon 
became clear that the dockyards and the. regular warship-building. con-_ 
tractors would not be able to cope with the mass of new construction” 

_Accerdi » orders, for many of the, last-named classes were placed . 
with buildets who had ‘hithiertd accastaded’ to 


* Paper read before the Institution of Naval Architects, April 9, 
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With the arrangements that were made, however, for superintending and 
overseeing the work by the Admiralty, withthe assistance of the tegis- 
tration ‘societies—Lloyd’s and: the British ‘Corporation—very' little diffi- 
culty was experienced in getting the work satisfactorily carried out by 
the firms new ‘to this class of shipbuildirig; and I think! the results show 
what success attended the arrangements made. 
To take ships added’to the Navy the war’in the f order, 
it is necessary to begin with battleships of the “Jron Duke” class.. The 
particulars of all previous Dreadnaughts' are pretty well: known;‘and have 
been published. The “Jron Duke” class, of which there were four, 
followed: the “Kin V” class+ both in. sequence of time and in 
general: characteristics. The same main armament, similarly arranged, 
with: the five: turrets all onthe center litie of ‘the’ ship,:'was adhered to, 
the chief difference ‘in hn “Tron Dukes” being that instead of the 4-inch 
guns forming the Secondary armament, a batteryof twelve 6-inch guns 
protected’ by. 6-inch' armor was, after considerable discussion, finally 
decided upon... The ‘protection also ‘was somewhat increased over that 
of the King George V, involving an increase in dimensions’ over ie 
of our ‘previous nattioaleey, due ‘to the addition of these weights and 
e class had been laid down in January, 1912, 
and two in May, the four vessels being! completed in’ March, June, 
October:and November, 1914, so that two were ready just before, and 
two shortly after, the declaration of war. Four torpedo ‘tubes were 
carried in liew of three in the previous ships, and after the’ Battle of 
Jutland, a considerable amount ‘of: additional ‘protection ‘added over 
the magazines—a course which was practically adopted ‘in’ all our ships 
at that time as a precautionary measure. nly in one case was any 
portion of a shell found to’ have penetrated below’ the’ protective deck; 
but with the ever-increasing ropes at which actions have been fought, | 
and the increasing’ penetration of improved shell, the danger. of the decks 
‘The tables herewith give general particulars of these ships and of a 
the others with which I am dealing in this paper: Tt should be mentioned, 
however, that the spéed obtained on trial was approximately 22 knots, or 
about a knot in excess of the legend speed. 
Special interest’ is attached to this class, as the Jron Duke was the fleet 
flagship during the whole time of Admiral Jellicoe’s appointment as Com- 


-mander-in-Chief, and she was in action at Jutland with her sister ships. 


The Marlborough, it should be specially noted, was the only British 
battleship. of the post-Dreadnaught type struck by a torpedo during the 
whole war, and the value of the longitudinal protective bulkhead and 
of the subdivision and arrangeménts adopted’ was’ clearly shown, ‘as’ the 
ship was able to remain in the line, no vital damage being done. She 
was afterwards safely docked in the Tytie and repaired. | This is, I think, 
specially interesting, as many of our older ships, some with center-line 
bulkheads’ ahd with’ other arrangements not so good for dealing with 
under-water damage, were sunk in the Dardanelles; and elsewhere by 
~The next type to note is the’ “ Queen Elizabeth” class of the ‘1912-13 


‘Three of these vessels, after taking a little more than two-years 
to. build, 


were completed in January, March and October, 1915. The 
other ‘two were completéd in February, 1916. A very considerable depar- 
ture was made in the Queen Elizabeths from any previous 
the 15-inch gun taking the place of the 13.5-inch and ‘the ‘designed speed, 
being’ increased by 4 knots over our previous. Dreadnaughts, whilst the 
secondary armament was similar to’ that of the Iron Dukes, consisting of 
inch guns. ‘Their very great increase of speed-irivolved practically 
ng the horsepower necessary’ to give’ the '25 knots desired, and. the 
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great increase in the weight of the 15-inch guns and mountings ‘over. 
the 13.5-inch meant accepting only four turrets with eight 15-inch guns, 
as against five turrets with ten 13.5-inch guns:in our previous ships, and 
the armament was. considerably heavier. he. further jor 


e. from ‘previous practice in: battleships was the adoption i 
only as the fuel, This necessitated: special atrangements of the oil 
bunkers, many. of: which were: feet: in .height, and required. special 
construction to withstand the head of oil... The armor and protection were 
fully maintained as.compared with previous :ships, but all these additions 
involved increasing the displacement of 27;500 tons. ox] 
‘In, the Battle of Jutland, the Fifth Battle Squadron, consisting of four 
vessels of this class, were heavily engaged for several hours, and although 
they inflicted and sustained heavy punishment, especially in the case of 
the Warspite, ‘all the veSsels gave a splendid account of themselves and 
were not seriously damaged or put-out of actidn. After the Battle of 
Jutland, additional protection was added to the magazines. It may be 
mentioned ‘that the oil fuel proved a/complete success, it being found 
easier to keep up a high sustained speed, and a smaller complement’ also 
is, of course, involved, as there is.great saving in personnel as against that 
required for a coal ship. me.’ 
_ I should mention that Sir Philip Watts was responsible for the design 
of the “Jron Duke’ and “Queen Elizabeth” classes, thus completing a 
series of 27 battleships of the Dreadnaught class designed and built 
during his. tenure of office at the Admiralty—in addition to the large 
number of battle cruisers and light cruisers and other vessels built during 
that period+truly'a great record.) 


BATTLESHIPS OF THE “ROYAL SOVEREIGN” CLASS. 


The next in order came the “Royal Sovereign” class of the 1913-14 
program. These vessels were to have the same armament.as the Queen 
Elizabeth, but as there was some question.about the supply of oil fuel when 
the design was discussed, it was decided. to revert to coal, and also to 
accept the slower speed of 21 knots, which would make them more homo- 
geneous with other Dreadnaughts. Subsequently, when the vessels were 
in process of construction and the great adyantages of the use of oil 
fuel with other types of warships: became apparent, it was decided to change 
from coal to oil, and it was anticipated that increased power. giving a 
speed..of about 23 knots would be obtained. As a matter of fact when 
fully, laden with about 4,000 tons of oil, the Revenge attained 22 knots, 
which was, equal to about 23 knots in the designed load condition, A 
different disposition of deck and side armor was also adopted by which 
he. thick protective deck at the center of the ship was brought upto 
the level of the main deck; this portion of the protective deck being thus 
well above the level of the deep load-line, and giving more protected 
freeboard in the damaged cogdition than in any of our earlier battleships. 
This was an important feature, a somewhat reduced metacentric height 
was decided upon for these ships with a view to making them steadier 
gun, platforms than some of the ships with larger G.M. The vessel was 
provided with good under-water: protection, which in certain of the ships 
was further reinforced by adding outside bulge, protection. This was 
done to. the Ramillies before her launch and also to. two other vessels of. the 
class after they had been in commission some time, during refit, and it is 
proposed to add the bulge to the remaining two ships of the class when 
opportunity offers. The addition of bulges was suggested by myself 
originally for the “Edgar” class for which I designed. this. form of. pro- 
tection in 1914, after considerable experiments had been made. The 
results have proved the eye S of the bulges. Further particulars of 
the “ Royal Sovereign” class can be seen from Fig. 1 and the table. 
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BATTLESHIPS “TAKEN OVER FROM FOREIGN GOVERNMENTS. 


The three ships taken over from foreign Governments were of ‘ailtcsiae 
types, as shown in the table of particulars and Figs. 2 and 3, 

H. (Fig. was commenced in September, 1911, for 
the Brazilian Government, w I took out various Pines 4 (got. out. 
under Mr.’ Perrett, at Elswick) to Rio de Janeiro, and finally settled on 
the design of the Agincourt, after modifying it very considerably on the 
spot. é Brazilian authorities, after much discussion, decided upon 
fourteen 12-inch guns, twin-mounted in seven turrets.. This involyed a 
ship with a length of 632 feet between perpendiculars and 671 feet 6 inches 
over all. The main armor was somewhat lighter than our British, Dread- 
naughts (as seen from the particulars opposite), and in other respects, 
such as fueling facilities, the ship hardly came up to the British standard. 
However, she was well reported on and the 14 big guns were liked by the 
Conan officers, who preferred a large number of guns for their salvoes. 

ertain alterations had to be made to fit her for our ‘service, but in the 
main she was left as designed. I should perhaps mention. that in 1914 she 
was transferred from the Brazilian Government to the Turkish Govern- 
ment, and when war broke out she ‘was on the point of leaving for 
Constantinople, when she was taken over. : 

The design of the’ Erin, Fig. 3; ‘was settled by the three firms—Arm- 
strongs, Vickers, and Brown—in consultation with the Turkish authorities, 
for whom the vessel was built; being commenced in November, 1911. In 
general charactefistics she more nearly followed the “King George V” 
class ‘than any other British ship, except that the secondary ; 
consisted of 6-inch guns, as in the “Iron Duke” class. This vessel also 
was taken over by the British Government in August, 1914, and certain 
modifications made to fit her for the British service. In respect of 

. quantity of fuel carried, the Erin was below the standard adopted for 
vessels designed for the British Navy. 

_* Phe third ship taken over from a foreign Government was ordered and 
commenced in 1911 at Elswick, from designs prepared by Mr. Perrett for 
the Chilean Government. There were two ships of the class, the Almirante - 
Latorre (now the Canada), and the sister ship the Almirante Cochrane 
(now the Eagle). The Canada, Fig. 4, has ten 14-inch guis, twin- 
mounted, in the center line, and was originally designed to have twénty- 
two 4.7-inch as the secondary battery, but this was subsequently altered - 
to sixteen’ 6-inch' guns. The protection, again, was somewhat lighter ome 
that of our Dreadnatights, but ‘the speed was rather higher, viz, 
knots; and as’a matter of fact this speed was considerably te on 
trial. The ship was taken over by British Admiralty in September, 1914, 
and completed, after certain necessary modifications, a year later. Her . 
fuel consisted of coal, with. the addition of a' certain amount of oil, as in 
most of our. battleships. The sister ship, Almirante Cochrane, remained 
in an uncompleted condition on the stocks at’ Elswick till the spring of 
1917, when she was taken over by the British Government and 
as an aircraft-carrying ship. She was renamed H. M. S. Eagle, and as 
a compliment to the sited States Navy, she was, at the request of the 
Admiralty, launched by Mrs. Page; the wife of the late American Ambas- 
sador. The above record finishes the list of a grse proper which are 
completed for Service during the war. 
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all these down to H. M. S. Tiger. This ship was included in the 1911-12 
program and followed on the Queen =e the general features of the 
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two ships being much alike, the chief differences being that the secondary 
armament of the ee is twelve 6-inch guns in lieu of sixteen 4-inch in 
sehen Mary, and Tiger has two submerged torpedo rooms, whereas the 
een Mary had only one. 
. After the design was approved by the Board, the ship was ordered and 
laid down at Clydebank on June 12, 1912, and completed in October, 1914. 
In common with so many of our ships completed during the war, the: 
early commissioning and joining of the Fleet was so imperative, that no . 
exhaustive trials in deep water were carried out, but the runs made on 
the Polperro Course showed that the designed power of 108,000 shaft 
horsepower could be obtained with little di ty, corresponding to a » 
speed of 30 knots. During the progress of the design, the oil-fuel capacity 
was very largely increased in case of need, the original tanks which only 
allowed for 1,100 tons were supplemented to admit of a maximum oil 
‘stowage of 3,480 tons, in addition to the 3,320 tons of coal; but it is not 
usual for the vessel to carry this full fuel stowage, at any rate, of oil. 


BATTLE-CRUISERS, “ RENOWN” AND.“ REPULSE.” 


. At the commencement of the war two additional battleships of, slightly 
modified Royal Sovereign type, viz, the Renown and Repulse, had been 
laid down, but in, view of the long time it would take to complete these 
ships,. the construction. was. not pressed. forward. Immediately ‘after the 
battle of the Falkland Islands, in. which our battle-cruisers Invincible and 
Inflexible, in company with, other smaller ..cruisers, annihilated: Von Spee’s 
fleet, the value of the battle-cruiser type became very apparent, and on 
¢ initiative of Lord Fisher, then. First Sea Lord, it was decided to stop 
the construction; of the Renown..and Repulse as battleships and to: alter 
the .design completely into that of ;very fast battle-cruisers. 1 received 
ieatenrhons to. re-design, these ships about Christmas, 1914. .The new 
esign had to give a speed of 32 knots, with the largest number of guns: 
possible for such a vessel, and with protection similar to the Invincible - 
and Indefatigable classes.. A modified form of bulge was adopted: in these 
ships to, give additional. underwater protection against torpedo’ attack. 
ase ea are now under way for. still. further adding to this. bulge 
_, The general outline. design, was. completed and approved: in ten days, 
and six 15-inch guns were adopted as the main armament, the secondary 
armament consisting of seventeen, 4-inch. guns, of which fifteen were 
mounted in five specially-designed triple gun mountings... Owing to the 
circumstances, referred to above,.it was necessary that the ships should 
be completed. at the earliest possible date, and I suggested that the Tiger's 
machinery should be repeated. with some additional boilers, and with the 
extra length it was found possible, to, obtain the, speed knots, as: 


laid down by the Board.. Lord Fisher, also insisted. that the ships must. - 


be completed with fifteen months—an short time for.an entirely 
new, design, without any drawings prepared... This period of completion 
was not realized, although not greatly exceeded. 

. ‘By ga 21, 1915, the two firms entrusted with the orders, viz, 
John. Brown .and Co. and the Fairfield Company, were. supplied with 
sufficient information to enable them to. proceed, with the. Structure, 

both keels were laid on January 25.,All the. drawings. and- specifications 
were completed by April and the design finally approved in that month. 
- The fuel was to be entirely oil, and with. the additional boilers the power . 


expected to be from 110,000 shaft horsepower to 120,000 shaft horsepower— 


the, latter haying actually been obtained on trial, Ty arrangement of — 
the whole ship, showing the protection, is giyen in Fig. 5, the plating 
Over, the magazines being considerably increased during, the 
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TABLE I.—PARTICULARS OF BRITISH WARSHIPS CONSTRUCTED DURING THE WAR. 
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ion,.as: a result of the Jutland fight. The Repulse..was, launched in 
1946, less. than a year from the laying down, and. the 
was launched two months later. The Repulse, went her com- 
missioning trials early in and the Renown followed..one month 
later and .was completed in September, The speed. of. Repulse..on_ trial 
‘was over 3144 knots in the deep condition, and the Renown. obtained 32.6 . 
knots mean sage on the new measured course off Arran. in the, normal 
condition, e ships have been well reported. upon at sea and maintain 
their. speed well. .I think that the construction of these: vessels in: a little 
over one.and.a-half years from the first order to get out the design, con- 
stitutes a record in design and construction of,two such important. vessels, 
and reflects great credit, not only upon the Royal Corps of Naval Con- 
structors, but also upon the contractors, and all concerned in. the con- 
struction and completion of the vessels. In fact, the Admiralty conveyed 
their appreciation of this to me in a letter dated September,1916.. 


LARGE LIGHT CRUISERS ‘ COURAGEOUS,” “cLoRIOUS” AND “FURIOUS” (FIG. 6 


Whilst ‘the designs of ‘the Renown and Repulse were in’ progress, I 
received instructions ‘to design ‘some very high-speed’ ships carrying power- 

ful guns and of a size sufficient to keep their speed in moderate weather, 

but to have 'a draught lighter than any existing British or enemy af 


the’same ‘class, '$0'as to be able to navigate shallow waters, if require 
“As ‘sanction ‘was not ‘likely ‘to be obtained for ‘building more capital 
ships taking two years or longer to complete, while additional light cruisers 
had been already approved of, it was decided to build the Courageous and 
Glorious ‘on the Imes’ of very light cruisers. mounting a\ few guns of 
heayiest caliber, so as to be able to annihilate any. enemy. light cruisers 
or raiders. ‘They were to have ‘thin ‘protection, similar to .our light 
cruisers, and a ‘speed ‘of ‘not less than 32 knots, the draught being  re- 
stricted to about 22 feet, or about feet less ‘than any existing’ battelship. 
or battle-cruisér' ‘carrying such’ heavy guns, the main armament of four 
15-inch ‘guns in two turrets, one forward’ and one aft, making them 
match’ for any raider of light cruiser that’ might be encountered. At thi 
time’ it should also’ be’ remembered ‘that the armaments of ships, especially 
as regards heavy guns, had to be epulated by. the guns’ and’ gun mount- 
ings which ‘would be available or could be manufactured in the time at our 
disposal, and this ‘Condition applied to’ the 15-inch mountings which’ were 
‘ adopted for these ships. The secondary armament consisted of eighteen 
4-inch guns in six triple, mountings, similarto.the triple mountings of the 
Renown and Repulse. The side armor consisted of 2-inch protected plating 
on top of the 1-inch shell plating, as. in our light cruisers, and thin 
protective deck’ was worked ‘all fore and but this was considerably 
thickened over’ the’ ‘magazines ‘after’ Jutland: A modified’ bulge was 
arranged for, a8 in the Renown and Repulse. 
The adopted, for these ships was of’ the type fitted in 
light cruiser‘ Champion. “It consisted of a‘ four-shaft arrangement’ c 
, geared turbines, the’ power being ‘transmitted ‘to the propeller shafts ‘by 
ouble ‘helical’ gearing, ‘The 18 boilers of Yarrow. small-tube type were 
also ‘similar to those of the light cruisers, ‘and. with all-oil firing a power 
of 90,000 shaft horsepower at about 340 revolutions was aimed at. Such 
trials it was possible to' make’ showed that ‘32 knots ‘could easily be 
obtained ‘at the désigned displacerient, and reports show that on. service 
this*is actually exceeded. The design of. these ‘vessels’ was begun. late 
in, ‘1915, ‘atid’ ‘the order for ‘one’ ship’ placed 
with Messrs. Armstrong and’ the. other’ (Glorious) with Harland. and 
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482 NOTES. 
_ plying the machinery for Messrs. Armstrong’s ship. It was’ intended 
that these vessels should be built in 4 year, or as near that as possible, 
but this was not realized, and the ships were both commissioned in 
On her commissioning trials, the Courageous. worked up to full power, 
and while steaming during the trials at full speed she met very heavy 
weather. »Some signs of weakness were shown at the fore side of the 
forward turret where there is an inevitable discontinuity of longitudinal 
strength, and some doubling acer were accordingly added to the Cour- 
ageous. Her sister vessel Glorious was in commission for over a year 
before similar additions were made to her, although no-signs of weakness 
were shown. This incident shows that the very high speed obtained on 
trial, reaching 32 knots, ‘should hardly be maintained against head seas in 
heavy weather. 
The Furious was similar to, but a modification of, the Courageous and — 
Glorious, having about the same length and the same machinery, but the 
form of midship section was somewhat different, having a more pro- 
nounced bulge and a simpler form of main framing and structure of the 
hull. The armament also was different, each turret, instead of having two 
15-inch guns, was arranged to carry one big gun of 18-inch bore, although 
arrangements were made to substitute pairs of 15-inch guns, if thought 
The order for this ship was placed with Messrs. Armstrong about two 
onths after that of Courageous, and she was to be finished in the short- 
est possible time. Early in the spring of 1917, however, the necessity for 
having fast aeroplane-carriers became very obvious, and it was approved 
to fit Furious for this purpose. This entailed doing away altogether with 
the fore turret and making other considerable alterations. A large hangar 
was built on the forecastle deck, and a flying-off platform 160 feet long was 
arranged on the roof of the hangar, which was designed to house about 
ten machines. Later it was decided to remove the after turret as well, 
and a flying-on deck 300 feet long, extending from the funnel aft, was 
constructed. The secondary armament, which had. consisted originally 
of eleven 54-inch guns, was retained, with the exception of one gun; the 
remaining 10 guns being rearranged. Four sets of triple 21-inch torpedo 
tubes were fitted on the upper deck aft, and one pair each side on the 
upper deck forward. After these alterations were completed the ship, was 
tried and commissioned in July, 1917, a speed of 3134 knots being 
obtained with 94,000 shaft horsepower at 330 revolutions, 


LIGHT CRUISERS (FIG. 8 AND Fic. 9). 


Following upon the previous light cruisers of the “ Town” classes, the 
particulars of which have already been published, a very important depar- 
ture was made in the light-cruiser design in the program 1912-13,! when 
the “ Arethusa” class was designed by Sir boss Watts. The importance 
attached to speed was specially brought out ifi this design, and it was 
decided to instal very powerful machinery with a shaft horsepower of 
40,000, and this could only be achieved by adopting a type of engines and 
boilers closely approximating to those hitherto used for destroyer classes, 
_In conjunction with high speed a good armament was provided, con- 
sisting of two 6-inch and six 4-inch guns, though in the original nigh 
the armament consisted entirely of 4 inches. The ship’s sides up to 
level of the upper deck were protected by specially high-tensile plating 
varying from 2’ inches to 1% inches throughout the machinery spaces, in 
addition to, the 1-inch shell plating. This yell. aay: of plating also 
greatly added to the strength and stiffness of the ship regarded as a 
girder. Further particulars of the class are given in the Tables. The 
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41,000\shaft horsepower, this 
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Arethusa and: other light: cruisers: were -in: the action off Heligoland ‘on 
28, 1914, and gave an excellent account’ of themselves. 

In the 1913-14 program the “Calliope” class, slightly larger vessels than 
the Arethusa, but with the same power, were decided ‘upon. After con- 
siderable discussion regarding the merits of mixed or homogeneous arma- 
ment, it was decided to’ give these vessels two 6-inch guns, both on the 
center line placed rae and eight 4-inch guns. The protection consisted, 
as in the previous ‘design, of a 2-inch belt over the shell plating, maki 
a total thickriess of ‘approximately’ 3 inches. “Most. of ‘this ‘class ‘ha 
practically the same machinery as the Arethusa, but Parsons geared 


turbines were’ installed in two of them, the age having four shafts: 


and the Champion’ having only two ‘shafts. s was at the ‘time a very 
po arabe experiment, ‘the putting of 20,000 H.P. through gearing being a 
ry bold departure from anything which had been hitherto .contem- 
plated haere final results obtained with Champion were, however, excel- 
t; and::she obtained’ as ‘of 29% with 337 revolutions and about 
“being slightly in excess of any ‘of 
the other vessels ‘of the’ class at corresponding displacement. 
_ For the subsequent classes I would refer to the Tables, which show a 


ng growth in size and power of armament; “Ceres” class, Fig. 8, 


nally having a length of 425 feet and a beam of 43 feet 6 inches, and a 
normal displacement of about’ 4,200' tons. These vessels. carried five 6-inch 
guns, all on the center line: 


The next. class were the “D's” the general arran ement and protec- 


tion of which followéd that of the “Ceres,” Paes hat six 6-inch guns . 


were ‘carried on’ the’ center line’ instead of ‘five. The power was only 
slightly increased in’ these ships ovér the previous classes, but the revo- 
lutions were reduced ‘to 275, all ‘these later classes avin the twin-screw 
geared arrangement, and although the displacement’ of the “D’s” in- 
creased''to 4,650 tons, the additional length and the reduction revolu- 
tions enabled the speed of close upon 30 knots of the whole class of 
light cruisers, “C’s” and “D’s;” to be practically maintained. 
““Arethusas” and the “C” and“ D” classes all had oil fuel only. 

Invaddition 'to ‘these light cruisers; which were’ all to Admiralty design, 
two vessels—the Birkenhead and Chester—which were built’ at’ Messrs. 
Cammell: Laird’s for the Greek Governmnierit, were urchased ‘in 1915. 
These vessels were considerably heavier than’ the“ ,” class, and more 
closely: resembled ‘the British “Chatham” class. They carried an arma- 
ment of ten 54-inch guns. The. machinery was modified ‘to burn oil 
only, in the Chester, instead of coal and oil as'in the Birkenhead, and the 
resulting increase: in Power to 31,000 gave the former a speed of 26% 


The Raleigh? Chassis the summer of 1915 designs were prepared 
for a' considerably heavier class of light ‘more especially 
for ocean work in any part of the world. bh at were to have a speed 
of 30. knots: anda’ la radius’ of action. Various armatnerts were 
considered, and it was finally decided to adopt an armament of seven 
75-inch ‘guns with twelve 3-inch (four being on mountings). 
Five of the big guns were placed on the center line, as’ shown in Fig.’ 9, 
and the other two were on the broadsides amidships. ‘The bow and 
stern guns were superposed, thus giving a fire of four guns, both ahead 
and astern, and six’ guns on either broadsides’ The conditions laid dow: 
involved. a ship of great | , atid these’ vessels consequently have 
overall length of: 605 feet. ese ships’ were originally to 
oil — ye but this was subsequently altered in three ships of the class 
to all oil, the original power of 60,000 shaft horsepower on ‘a four-shaft 


geared turbine: arrangement being considerably increased up to about 70,000 


shaft by" ‘the. firing: “These” vessels also 
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“different from the light: cruisers referred above in'‘having modified 
bulges as protection: against underwater attack: The fornr of the ‘section 


shows how. these were arranged. The plating ‘was’ to 
thas of tight cruisers. 


MONITORS. (rics. 10 AND. 


vessels of this type. to. be added (or. to 
British Navy were the three ex-Brazi river monitors, built, by Messrs. 
Vickers, Limited, and taken over by the British Government in Ai nord 
1914, and renamed Humber, Mersey and Severn...'The particulars of 
vessels are given in the Tables, It will be seen. that: the areparnent ca. 
sisted of medium. caliber guns, viz, 6-inch and, 4,7- inch,;.. These vessels, 
though jightly pit, have done very good service in the. war, ‘both on the 
East African and Belgian coasts... 
eed for vessels of the monitor, type mounting heavy. guns ‘$008 
apparcat, and I received instructions in November,,1914, to prepare 
of monitors of more substantial, structure, for sea-going service, 
but of light draught with good protection and carrying some heavy guns, 
the light draught combining the advantages of being, able to.go. close 
inshore and of greatly reducing risk of. being struck by.a-torpedo,.. 
The earliest design was that of the 14-inch gun monitors, four’ in. ‘num- 
ber, which was commenced in 1914. Four twin-mounted 14-inch gums 
and mountings, were. available, and with the very simple form of structure 
adopted, these vessels. were designed: and built in, six months,.. They, were 
guickly, § followed by \the 12-inch which were: of. similar. .design 
t carried pairs of 12-inch guns, generally, taken from older battleships. 
These vessels were also built in about six:months, They all-had.a complete 
e. of a form which, was of .simple..construction,,.with air-space 
outboard and a waterspace between that and’the. ship proper.. This bulge 
was carried well fore and aft, and. the ships being of rather. bluff. form, 
the speed. was, somewhat. below, that estimated; the bluff .form: of the 
bulge having a bad effect upon the, propeller per formance,. However, no 
rticular point had. been made. about .the speed, and we had rather to 
what machinery we could get in the shortest possible time... 
- Following on the 12-inch monitors, early in: June; 1915, two’ more vessels 
were ordered, mounting a pair of, 15-inch guns, ‘For, these ships, internal 
combustion engines, which were well under way, but designed: for another 
purpose, were installed. . In 1915, two. improved: 15-inch moni- 
tors were ordered and named the Erebus and, Terror: Fig.) 10). These 
were of finer form, of »more power, and: greatly, increased. speed. These 
vessels also had an form of bulge, though it did not differ 
from the bulges of the earlier, monitors. The. Erebus and 
error wete. designed to have a speed of 12. ‘knots when fully laden, 
actually are capable of about 14 knots.).. 9 
ollowing the earlier 15-inch. monitors, some ‘much smaller 
each carrying a 9.2-inch gun, were designed, and others again which car- 
ried 6-inch guns, (Fig. 11).. I need not refer ‘any length to: these,-:as 
the general, particulars are given in the table.’ A good many of, both lar; 
and small monitors: went out-to the Dardanelles, inthe, 
war and did very good work, and for a long time they seemed. to beara 
charmed, life, as they. enjoyed complete |immunity from ‘torpedo attack. 
Whether this. was due to their. shallow draught or to the enemy!subma> 
thinking .it).was useless bulges, I do: not know: ‘Later, 
wever, the Erebus and..Terror were: both torpedoed: ‘the: latter-received 
three torpedoes Sarwar but got:to portiall right, though:severely damaged; 
the. tor hitting forward..of. the bulge;:the third; :»which: ‘hit 
ulge itself, did very. little damage... The formet ship was. hit: full 
se Pa by a ‘distance-controlled _— carrying a very heavy charge, but 
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of our old ¢ruisers: of the 


the bulge goed bee complete) prétection at and omg was repaired in less than 


a fortnight $s interesting | to connection also that some 

Edgar’, which had had bulges added 
to them very early in the war, were! torpedoed’ ‘in the Mediterranean, but 
the bulge gave to ‘the ship Proper. They were taken 
to port and repaired, O f the-heavier monitors it.may be remarked that 
of all ships carryi + heavy guns’ these vessels were probably more often 
in action 0; the Belgian coast, and élsewhere than any of our heavy-gun 
ships, and oa no doubt gave the 4 er of that coast a 
very anxio \ ip 


aS 


To account of.the -devélopient ‘of the design and con- 
struction pr and flotilla leaders during war would 
mean a very ong ‘paper, nd, 1 think, theréfore;-1-must,.refer only to the 
tables and ane (Fi igs. 12, e and 14) which I give. These vessels have. 
gradually isicreased’ in size and power,-and war requirements ‘have con- 
tinually added/to: weights which they~have had to carry, including 
considerably’ ‘ftiel, heavier arma -both of guns and torpedoes, 
depth chargés, larger bridges, Hee other additions. In fact, some of the 
ships which before the war were £900-ton vessels, now carry an additional 


100 tons, course, is icap to these vessels when 
intro: 


expected Mtain.a high duction, however, of the 
geared turbine added td the efficiency of the machinery 
and propellers; ithe Jower revolutions which can be’ introduced with the 
gearing enabling t Us to adopt much more Suitable ieiases Ve in addition to 
giving a greater economy of, |) 

During the ‘war-nearly 300 torpedo-boat nd flotilla 
which are jsi ae a larger form of :torpédo- r with improved 
accommodation; have been added to the Fleet, nod + e whole class of 
these vesséls has heen.called to-do.continuous work in heavy weather. 
They have come through the ordeal ‘with, extraordinarily few breakdowns 
of machinery of, other parts of the hip, ‘whilst the duties they have been 
called upon to ‘perform in combating the submarines, ‘convoying, &c., have 
been most \contihfous and varidd. 

Most of} the (ea have been got opt at the Admiralty: ft certain 
other, inclt \torpedo-boat | destroyers built for foreiga, countries 
and take aie Tok Admiralty hav ‘beem=¢volved by the builders, Messrs. 

Thorpe Yarrow, Fairfield, d>Brown, and Leslie. 
Numbers t vessels also: have been *built by firms ad never 
built a warship before, but te Tre. ed out by them teas fully met 
the Admiralty! fequirements. “Phe leaders | (Fig. 14), 3with a deep 


load displacemér 2,000 tons an armament of fivé;4-inch or 


very high. might well Be 
Patrol boats°natu: 


the torpedo-bo destroyers, as-they were 
specially designed to relieve the torpedo-boat estroyers of some of their 
strenuous duties of patrolling: and submérine-hunting and escort work. 
The conditions. were 'that they had to be “as small as possible, consistent 


with Fretcy thesea in alk weathers, They hadsto be fast enough to. 


run down Bn BB and’ they ‘had. to have shallow draught and all 
top hamper ept low to brevet their seen at a distance. Economy 
it was desirable to have them 


of fuel was also! an imperta 
built of mil steel / ar 
| 


to avoid drilling and 
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ship. They were provided with a special hard steel ram, 

with which a considerable number of enemy submarines were sunk 
without damaging ‘the patrol boat. . The various features were combined 
in a vessel of something under 600 tons; with geared turbine engines, of 
3,800 H.P., giving. a speed of over 22 knots, with 330_revolutions of the 
propellers, boats had large rudder: area and were cut up aft so that 
they could turn very quickly upon thé enemy—a most important feature 
for ramming purposes. They proved ‘very valuable boats on service and 
did a great deal.of work against the submarines in all weathers. They 
were armed with only 4-inch gun, mounted in a commanding position 
in the forward superstructure, one 2-pounder and. two 14-inch torpedo 
tubes, and later it was ‘arranged to carry depth charges. Their csot was, 
of course, considerably less; than that of a. modern destroyer. Some of 
these boats were afterwards disguised to look like small mercantile craft— 


a device which proved successful. 
|) SLOOPS AND MINE-SWEEPERS.- 16-To 18.) | 

On the outbreak of war it became'clear that there would be a great 
demand fof mine-sweeping vessels. ‘A good) stiany coasting-and cross- 
Channel steamers were takefiuip for this purpose, but ‘more were required, 
and it was decided in December, 1914, to build, 12 single-screw ships of 
simple design to this end, With.the view of hastening construction, it 
- was decided to adopt mercafitile practice as far as possible in both hull 

and machinery. - The vessels, although of very fine form, were built of 
simple construction and under Lloyd’s Survey.. The boilers were of 
- ordinary Scotch type, and single-screw machinery. was provided. 

In the end, mearly 100:of these yesselswere built, and the armament, 
which at first was two 12-pounders, was subsequently increased to two 
4-inch or two 47-inch guns, A great many of ‘these vessels were built in 
about six months from: the order, and the'fitst 36 averaged 24 weeks in 
building. They proved excellent sea boats, and were used not only for 
mine sweeping, but also for submarine work, especially for convoying. 
At later stages some of these vessels were disguised as ordinary merchant 
ships. They ‘were economical steamérs and wére able to attain a full 

speed of 17 knots, with a horsepower. of-.about 1,800 to 2,000 in thé 
earlier, which was increased to 2,500 in the later, vessels. Several of thé 
_veSsels were mined, and although the damage they sustained was very 
severe, they kept afloat and 
We had the honor of being asked to design and provide some vessels 
of this type for the French Government, and eight of these were built | 
for that purpose and armed with somewhat. heavier. armament than 
our own ships. I understand that the French Government were very 
satisfied with the vessels, In addition to this, at’a_later stage, for sweep- 
' ing in shallow water, some paddle mite sweepers (Fig. AY were designed 
at the Admiralty; of which particulars are given in the table. These were 
15-knot boats, with draught just under 6 feet 9 inches.. They did good 
work, but were of course not such good sea-bodts as the sloops. As there 
was some danger. of mines getting under the paddles, a further design of 
twin-screw mine sweepers (Fig. 18) was got out, of which particulars are 
poy ting the table. These were vessels of about 800 tons and about 


As it would make the paper rather too long, I am only giving a table 
of the partictilars of the designs of submarines, but a very large number 
of these vessels have been added to the Fleet during the war, and some 12 
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different types, some requirements and all being 
improvements on their ~predecessors* It is interesting to note that we 
produced the fastest: internal combustion engined submarine in “J” class, 
which attained a speed of: over 19 knots. As a still higher speed was 
wanted for Fleet work; the “ K” boats were designed with a surface speed 
of 24 knots. To arrive)at this it was necessary to go to steam, and 
special arrangements of.course-had to be made for shutting down water- 
tight the funnels, &c. However, all these difficulties were overcome and the 
boats proved very successful.” - 

It is an interesting point about these vessels also, that besides the steam 
turbines for full speed on the surface and the electric drive when under 
water, they were provided with a Diesel engine for use just before 
diving Or immediately after breaking surface; in order to hasten the time 
of diving. or of getting away quickly after coming up. “The transmission 
from the Diesel engine was through the electric motors, so that these 
vessels had not only geared turbines. for the steam drive, but they also 


had electric transmission with a Diesel-engine and *electric- battery drive 


when under water. Although the Germans nade ued the advantage of more 
power per cylinder in their Diesel engines, we produced faster surface 
boats, faster underwater boats, and more heavily armed boats than 9 
M.1 submarine, of which some account and illustrations have alrea inch 
appeared in the Press, was a monitor submarine armed with a 12-ine 

gun ; she was an experimental boat, ibs 


“ CHINA” GUNBOATS. 19 AND 20.) 


ig should not omit to mention the two: classes of so-called Chil 
boats, designed by Messrs. Yarrow. The smaller of these vessels sur ig. 
19), 120 feet pong ane of about 100 tons, were constructed in this country 
in such a way that the parts could be sent out to Abadan where they 
were assembled and the vessels re-erected and completed under the super- 
vision of Admiralty officers. Some of the larger boats (Fig. 20), 230 feet 
long and of 645 tons, were completed here and went out to Mesopotamia, 
where all of them were of the greatest service in that campaign, It is 
impossible to mention all the small craft built, but most useful work 
was done by motor lagarhies and many other types. 


OTHER AUEELIARY AND AIRCRAFT CARRIERS. 


We were called upon at the Admiralty to design many other eiodtiary 


craft—notably some fast Fleet oilers which were able to carry 5,000 
brs of oil and had a speed of 15 knots. We also wars he a-great number 
of special smaller craft for all, purposes, and.we. had over..and 
modify, sometimes very extensively, a number of. Sestent ships for 
various purposes. Probably the most important modifications were those 
Cans to vessels taken over and converted into aircraft-carriers, including 


Ark Royal, Engadine, Riviera, 1 have already. alluded to 
Urtou. 


$, but one of the “ Raleigh” class has also been converted into 
bn of airteate carrier, and is now named Vindictive. The Argus was origi- 


nally built ag'a passenger mail ship of 20 knots and was taken over and” 


converted into an aircraft-carrier with com yp flush deck; the funnels 
being carried aft in long horizontal ducts, discharging the smoke astern. 
The Eagle, alluded to above, is also being ‘converted into a large aircraft- 
carrier with a somewhat different arrangement; but it would-take too 
long to go into any detailed account of — ships, There is no question 
that air-craft-carrying will) gradually become more important for the 
Fleet: during the four years some 2,000,000-tons have been 
added Navy, at a cost, probably between 250,000,000/. and 
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494 NOTES. 
300,000,000, sterling. Reference to the Navy Estimates show that the 

_ aggregate sum spent during the four years before the war on new con- 

struction amounted to approximately 60,000,000/. “eees 


Besides purely ship design and construction, up till the autumn. of 1917, 
as Director of Naval Construction, I was responsible for the rigid airship 
designs, to which all our existing rigids have been constructed. The 
responsibility for this branch was in 1917 transferred to a jal Airship 
Production a whi gy but officers of the Royal Corps of Naval Con- 
structors transferred to the new department continued the work they had 
been doing on airships. : Lae 

The above brief account of the design and construction of recent ships 
will, I hope, give some idea of the extent and scope of the work carried - 
out and the additions made to the Navy during the war, but it really 
represents the culmination of half a century’s effort in developing naval 
design; and shows, I think, that throughout this period Great Britain 
had led the way, not only in the personnel but also in the materiel of 
the Navy. In the development of designs the codperation of other depart- 
ments of the Admiralty should be fully recognized, especially those of 
the Engineer-in-Chief and Director of Naval Ordnance, who’ were con- 
sulted throughout as regards machinery, armaments, &c. This‘is not the — 
occasion for me to dwell-on the loyalty and devotion to duty shown’ by 
the Royal Corps of Naval Constructors, and all the members of my 
staff during.the strenuous days of the war, but I should like, in conclusion, 
to say how much assistance we have received throughout from the con- 
tractors, who have always given‘us of their best, codperating. in every 
possible way, besides lending us some of their best young men, who have 
done excellent work at the agen | This assistance from the shi 
builders ‘of the country has been lutely invaluable, and I should ‘like 
‘to take this opportunity of thanking all those who have helped us ‘so much 
in our work at the Admiralty. I cannot conclude without reference to 
the great advantage derived by interchange of views and consultation 
with our Allies. 


R. W. Dana, Secretary o ‘staff.— 


_ SPEED, DIMENSIONS AND FORM OF CARGO VESSELS* 


By G. S. Baxer, O,B.E., anp J.-L. Kent, oF Tae Frovpe NATIONAL 

§1, Introductory—The paper deals in the first place with the economics 
of carey thip propulsion, so far as this is affected by speed and design of 
hull form. ‘It is shown how the best speed depends upon freight rates, &c., 
and a simple formula is given from which this speed can be calculated. An 


* Paper read ‘before the Institution of Engineers and Shipbuilders in Scotland, 
February 18, 1919. 
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-conferences.on matters of design and construction with many allied officers, 

a including those of the French, Italian, Japanese, American, ‘and Russian 4 
| _ Navies, certainly to our mutual benefit. “Finally, I wish to express my . | 
i thanks to Mr. C. M. Carter, R. C. N. C., for assistance in compiling the a 
tables given. The plates are by permission of the Controller. 

: of His Majesty’s Stationery ce from the “Records of Warship Con- 

struction during the War,’ which have been-ve bly edited by Mr... 
4 


NOTES. 495 
_ example in A ix I gives best speeds 'v: from 12 knots to 14 knots 
a 4,000-mitle voyage. The second paper (§10'to §19) gives 
detail the various propulsive considerations which have to! be borne in 
peste in settling the area of midship seetion, longitudinal distribution of 
displacement, and shape of level lines and body sections. Finally, by 
permission of the Controller-General of Merchant Shipbuilding, some 
notes are given on straight-frame ships, based upon test work carried out 
for His jesty’s Government. Both the latter parts of the paper are 
illustrated by. ging typically good lines and and ‘results for curved and 


and Speed of Ci Vessels.—The purpose of 
eed of Cargo Vessels.— primary 
this paper is to prveats and define the necessary features which can or 
should be embodied. in. any slow-speed vessel. By slow speed is meant 
such a speed as is common with ordinary cargo tramps, and may for eng 
purpose of the paper be more precisely  timited to speeds not exceedin 
say, 14 knots for a 400-foot vessel. As the shape of the vessel necessa 
depends on its dimensions and speed, it is desirable first to consider these 
factors and how they should be determined in practice. The only reason 
for the existence of the carey ¥ tramp is its as capacity. The efficiency 
of the vessel must be measured by the amount of profit earned in a given 
time with a given amount of capital. For this to be high, the dimensions 


There are several | existence ‘di 
Of. these the authors cag three! 
Mr 


is calculated for various ships or voyages of certain lengths; and the con- 
ditions necessary to reduce this to a minimum (in one case with a standard 
profit added) are enumerated. But none of these papers takes:into account _ 
one important item in the ability of the vessel to earn og cag acl, 
- the freight rate. This is fixed by economic factors quite apart from ship 
design, and the best speed and dimensions are those. which make the ence 
of any freight rate. It isa misnomer to call this best speed the economical 
speed of the ship, as it is not necessarily the most economical result in coal. 
it — speed = will give the largest profit per pound capital invested, 
day invest 
84, In the first case, let it be asstimed that ant existing vessel of dis- 


placement / tons. is employed ona service of which the average voyage 
is L, nautical miles. 


fain’: 
%»==number of days steaming’ n voyage. 

number of days in port Wading Be, per 


‘of engines for speed V' nautical miles 

k=No. tons of coal consumed per day per 1. P. 
=cost of 1 ton of coal: 


le-on-Tyné on 109; which on 


ones, cxme to hand too Tate for any apeciae relerence to 
be. made to it. 


Trane. fastitution of Naval’ Architecty, 
Trane North-East Coast Institution page vol. 


mee * the first written by 

Sc.,t:and the third by 
these papers is un- 
doubtedly correct, but they tackled the problem ‘under very different and PE ‘ 
a q 


NOTES, 


dues in pound, per ton for complete’ journey... 
sum of brokerage, management, loading, discharge. in, pounds per : 
price of vessel, in| pounds, 
yP sum | repair, ‘depreciation, wages, per. years 


Then, the. rate of earning money per. day per Pound of capital is: 


yay 


of coal born pe dy in pou mt sd bintorls 
“For' this’ ‘a! mexiinum, when “the” speed is the’ first 
differential with regard to V must‘be zero. © 
“If this ita: of R be substituted in the expression for M, the smaitinedd 


the ship: 15q silt Yo 


Equation shows how the cost of coal burnt per. day 
be varied according to the seoighht rate f, and. how. the coal burnt per day, 


and therefore; the, best speed, ould, rise and fall with length of journey. 

Equation (1). shows the of reducing the number of days in 

port to a minimum. These formule.can be put into various, forms, but 

the above are simplest for handling. In passifig, it should. be. mentioned. 

that Mr.; Macfarlane, Gray, in) the. discussion’ on! Mr, Hamilton’s paper, 

gave what amounted to./equation..(4) above,. without . the capital, charges 
item, 

§6. The second case is the determination of best dimensions, “Theoreti- 
cally, the treatment may be the same as before, i.e., the, first, differential 
of M with regard to displacement, A. must be, zero. But since almost, each 
term in’ equation (1). is dependent on displacement, the resulting. equation 
is too cumbersome to be of use. The best procedure, therefore, is to take, 
equation (3), pact find the appropriate R and V for. several’ displacements, 
and: then to find which, gives the ‘highest value of M in 
equation (4) for all reasonable freight rates'and ‘coal prices. ; 

§7. To illustrate this portion of the paper, and to introduce. and famil- 
iarize the designer with the use of the formula, the detail working of_an 
is given in Appendix I. Three widely-different: freight, rates, and 

widely-different vessels: are chosen, and M, the rate of earning profit 
pound mer Say. is. ut fos, al of then, It wil be ‘teen 


4 
au 
7 
7 
al 
a 
7 
ay 7 
ai. 
q 
at 
| 
| 
d 
& 
| 


4 
a 
a 
q 
a 
4 


\ 

Le 


é 
4 


«Fig. #8. Twin SCREW MINE 
4 
4 
4 Ab. 


‘aA 
| 


NOTES. 


The; profit-earning capacity, of both; |the small. vessels very. 
unde ome rates, and the, amallest vessel can sometimes be work 

vata cf 

capacity in, the: longest: vessel is: not, 80 
in. the 490-foot, vessel, for .a' given price: of, and d given fr rate, 
and, the 490-foot, vessel.is the all-round, best one. for 
With, a.7s. 6d. freight rate, the, speed of, this, ‘never. 
exceed 10. knots; with freight at 10s. it should..remain,at 10 knots for coal: 
at 25s.-per ton,.and rise.to 13 knots with coal, at 12s.. per ton; and with 
at 20s. it’ should; be. at. least 14. knots,, unless, coal. is. than, 

‘per: ton 

»(d). The; vessel, is really. badly. ‘the. long. 
taken: to discharge and: load cargo... This, time is taken from Mr.. Ander- 
son’s paper, and:.it was, pointed out in. the, discussion ..on., the paper, that, 
this was high. If mis reduced,.R- i is increased, and the maximum profit-: 
ear willi ‘also be. increased, 

It.will be understood that for. shorter, or, longer, voyages. the results 
may, ‘be different... This can. be seen by varying ms,in equation (3) for, R.. 
shorter journey ‘increases the best speed: for a fixed, but 
the amount would depend, upon several circumstances... » 


“(f) By putting 2°R’= the ‘condition’ for working” ‘profit is 


obtained, R: being defined ‘here by: 
§8..The cost) factors :and)P are all: ‘aecuraey for, 
vessels::employed on: fairly regular trade, and although. q, ¢,.and .P. are. 
liable to:vary, they ate quite definite, and-it is a comparatively easy thing 
for any designer to find the limitin speed: appropriate to. average limiting, 
values of freight rate :f and ‘coal value q.... The vessel. should be designed,to 
obtain the highest speed appropriate: to these average values. With a 
good form the propulsive efficiency. will then always. be good” ‘at, lower: 
speeds; and. good profit ‘returns will: result.. If. the design is arranged for 
average speed or average freight rate and coal! price, the vessel may, lose 
some''or-all-of the advantage of any rise in. freight above the average, 
because ‘of its bad propulsive performance when. the speed. is increased. 
§9.In all-calculations. of this. kind, a number of assumptions are’ made, 
and some. known’ factors -are neglected, and due. should ;be given, 
for voyage or the and: 


ones,, 

It.-has. been, assumed_that all. the vessels,.on each full 
cargoes. Loss of cargo. is equivalent. to smaller. and. therefore 
R, 4.5 tons of coal burnt per day, which means running at less tha 
profit,... It .would be. necessary to work this, out in detail. to, tell, whether, 
the large. or jsmall. vessel.is most. affected, ‘but presumably. the larger one 
is most liable. toirun under. these conditions, As, it, deals weight. 


(5) The assumption that the indicated horsepower ‘as the cube 
of the speed does not hold. good. for ma‘ a. cargo vessels now built, or 
for any ordinary cargo vessel if it is forced to speeds in the region of 14 
knots (on a length of 400 feet). oe fortis: wil in this case overratq 


| 

| 

| 

is ite:apeed affected by bad weather. 
_.(8)-Resetve coal to meet bad.weather, must, be.carried, and the propor- 
23 tion which this reserve bears to the whole decreases both with speed and i 
'3):-Relativel eater. facilities are requi for handling cargo in { 

| 

; 


of wetted sur 


Ship Dimensions will be seen from the foregoing that actual 
dimensions do not enter into the problem of the earning capacity of a 
ship, they affect deadweight, displacement and eco ‘of 
pulsion: 0 ‘at least of the principal ship dimensions, namely, length 
and draught, are’so involved with port facilities that in many cases these 
facilities, and not propulsion at all, define what is possible with both length — 
and draught, and the naval architect’s usual problem is to produce the 
least resistful form of given displacement without altering these ‘dimen- 
sions. “At this stage it would be useful to ‘state the various forms of 
resistance which a’ cargo vessel‘ experiences and their relative itude.: 
At quite low speed there is a small amount of wave making; a little eddy. 
formation, and a great deal of skin friction. The latter amounts to about 
80 per cent of the. whole. At higher speeds, é.e., at’ what might be called’ 
the limiting practical speed,* the skin friction should-be about 70 per cent 
to 75 per cent of the whole, and the wave making most of the remaining 
30 per cent to 25 per cent, But in all tramps there'is a small amount of 
' eddy formation on the upper levels at the stern near the body post; this 

point is dealt with later (§15 and §16). The waves created consist of 
divergent sets at each end, and transverse waves.’ Economy in wave 
making can be affected by so arranging the shape that the bow transverse 
waves tend to cancel the stern transverse waves at such speeds as these 
may be important. . ? 


§11. Wetted Surface—The smaller the wetted surface per. ton of dis- 


placement is kept, consistent with non-wave-making, the better will be the 
propulsive performance. Calculations have shown that this is remarkably 
non-sensitive to such factors as proportion of parallel. body in length, and 
rismatic coéfiicient, but depends mainly upon the cross dimensions. With 
ed beam; the wetted surface per ton will drop steadily as draught is 
increased, and. a similar ane is obtained if draught is fixed and beam. 
increased. The best ratio of beam to draught is that which gives pre- 
cisely the same reduction of skin per-ton for either beam or draught 
variation. In Appendix II a formula for this ratio has been obtained 
in the case of a simplified ship form. This formula has been compared 
with results ‘obtained by calculation for a number of models whose prin- 
cipal dimensions have been widely: varied, and found to give results about 
6 per cent high, with parallel body from 25 per cent to 50 per cent of the 
‘length. ‘The ratio:given by the formula must be regarded as a sort of 


datum, When: the eats of a ship is materially less than that given 


by the formula teotreeal for the above 6 per a: there is something to 
be gained by increasing beam and decreasing draught. When the displace- 
ment is constant and the ratio Graught is near that obtained by the 
formula, it oi 3 be changed to a quite fair extent without any variation 
ace. As a matter of interest, this ratio is about 2.8 for 
some tank forms of 30 per cent parallel body, and somewhat less than 
. this for forms of 50 per cent parallel body. These proportions require to 
be borne in mind in settling the shape of midship section. : ts 
$12: Midship Section Area and Shape—The displacement and length 
being fixed, the settlement of these items is the first step in lining out the 
form. For a given speed and displacement there is a midship section 
area most appropriate for low wave-making resistance. This area A can 
be found from the simple formula: hae 


*i.e., the highest speed 


without any abnormal increase in ae ( 
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Where V is the speed in knots, A is the displacement in tons, and P* 
is a wave-making “Most app the values of P* 
for low wave-making can be obtained from Fig. 1, in which the unshaded 
portions give minimum ‘resistance. 

Putting these values of P in the above’ equation, the limiting values of A 
are obtained.t| Experiments: on models with different midship-section 
coefficients} point to the employment of the largest possible midship section 
consistent with the other features ‘of the design-in vessels of this type, 
— this conclusion is supported by the gen test work of the Froude 


With vertical sides from the load water-line to from 4 feet to 5 feet 
above the keel, associated with a very small rise of floor (or none at all) 
and a bilge curve of radius of from 4 feet to 5 feet, a coefficient of 0.98 

From an economical propulsion point of view, a tise of floor has the 
one advantage of permitting ‘easier bow and buttock lines to be worked 
when there is a considerable amount of parallel middle body, but if a 
larger radius of bain and quite flat floors.are used, equally good results 
can be obtained, and it has been found possible;by careful design of the 
ship at the sections where. the entrance.and run join the parallel body, to 
work a square corner to the midship section without any appreciable loss 
in effective horsepower, Such a shape abolishes the need for a bilge 
keel, but may present difficulties in constructional design and in practical 
use. The shape of section being settled, and the draught being already 
fixed by port facilities, the beam must be arranged to give an area of 
section A inside the limits already calculated, or as near as possible to _ 
these. It should be noted that, as.soon as this.is fixed, the prismatic 
coefficient is similarly - fixedand the: wave-making characteristics are 
determined. When it is thought desirable, the aim of. this section can be 
achieved by the tentative process of assuming midship ‘area, length, and 
prismatic coefficient, and seeing what P value is obtained and how this 
— ce Fig. 1. If it is in a bad place the assumed data should be 

ongitudinal Distribution of Displacement—The next step is to decide 
upon the most economical longitudinal distribution of displacement which, _ 
while giving a reasonable. position for the longitudinal C.B. will require 
the minimum horsepower. ah 

§13. Parallel Middle Body.—tt is generally advantageous, both from the 
point of view of space and of low-cost of.construction, to work as much 
parallel middle body as possible;»To determine the greatest length of 
perfectly parallel body, consistent with low residuary resistance at the 
required speed, reference canbe. made to the papers? giving results of, 
experiments made at the William Froude National Tank. These papers 
deal with experiments on models of ships of the average dimensions of 
tramp steamers, and by choosing the set-of.experiments on models nearest 
in prismatic value to that already settled ($12) a very fair estimate can be 
made of the gréatest” percentage “of parallel middle body to be 
safely used for the service speed. Similar. expériments, carried out by, 


Mr. Taylor support these results, and our work of the last few years | 
shows that they can, be used with confidence. For vessels of greater or 


t For » 400-foot vessel of 18,200 tons at 12 knots, or 7 = 0.54 the prismatic 

should be above. 0.78, to give Poa little less than 0.471. That taken 

pW tay ae Society of Naval Architects and Marine Engineers, 1901. 
§ Trans. Institution of ‘Naval Architects, vols. lvi and Ivii. 
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Fig], RELATION BETWEEN PRISMATIC 


SPEED FOR HIGHELOW WAVE...) 
AMAKING RESISTANCE, 
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‘may have. , 


less proportion of beam to length than is‘usual, the results may be ‘slightly 
different.” The result of an: investigation of beam effect’ will be presented 
at the spring meetings of the Institution of Naval Architects ‘this year. 
In passing, ‘attention might be drawn to the very large waste of power 
that may result from a‘ bad selection of length of parallel for a given 
speed full ships) This is very clearly ‘shown in. the’ classical 
experiments of Dr. William Froude, Transactions of the ‘Institution of 
Naval ‘Architects, and the ‘Teddington tank parallel-body series “J” and 
in the Transactions of the Institution of Naval Architects, 
$14. Ratio of Length of Entrance to ‘Length of Runi—When the per- 
centage length of perfectly parallel body has been settled, the relative 
amounts of the remaining ‘length of the ship which can be put ‘into. 
entrance and ‘run should: be determined. Complete experiments} ‘made at 
the William Froude National Tank, covering a range of prismatic coeffi- 
cient of 0.85 to 0.66 with {10 per cent, 30 per cent and 50 per cent of 
parallel ‘middle ‘body, enable a close estimate of the best ratio to use for 
the particular —_ at which the ship is to run, in order to get minimum 
horsepower. For high proportions of parallel body (50 per cent) an 
entrance 


run Of about.0.9 is best, and there is a small advantage in. working 
the entrance shorter than the run even with 30 per cent parallel’ middle 
body. The prime cause-of this advantage in a low ratio of a is the 
avoidance of eddy making at the stern by the longer run obtained, and 
provided this is attained, the resistance is not very sensitive to this ratio, 
and this permits of a certain amount of freedom in adjusting the longi- 
tudinal C.B. ‘Tank experiments have shown that for vessels of ordi- 
nary proportions the minimum fength of run required is given by 4.1 
Vmidship section area (see also $16). 
§15. Prismatic Coefficient of Entrance and Run and Curve of Areas of 
Sections —The designer is now in a position to draw the curve of areas, 
which will satisfy the length of entrance, run and parallel body, and the 
prismatic coefficients and displacement already fixed. He Nel” promt 
prefer to base the first rough shape of the area curve on that of some 
particular wae greatly different in dimensions, whose trial results he 
uidance as to the best modifications to the form of this 

curve can be obtained from the published results of model experiments 
made at the William Froude National Tank and by Taylor and Sadler, in 
order to determine the effect of shenge in prismatic coefficient and shape 
of the ends, The results of the tank experiments can be found in sets 
¥F, G and H, Transactions of the Institution of Naval Architects, vols. 
Wi and Iii. erally speaking, (a) a somewhat full shoulder to the 
entrance is not detrimental if the speed is low, but a-full shoulder to the 
run may result in an increase in power, due to either eddy or divergent- 
wave formation, (6) The after end of the run should not. be cut away 
to get'a fine finish, but the atea curve should be carried out with a. fair 
‘curve to its end, with no marked change in shape just before the body 
post. (c) Every endeavor should be made to avoid a quick change in 
the slope of the tangent to the curve, and the maximum sl of this 
tangent to the base should be kept as small as possible. (d) en the 
‘prismatic coefficient is below 0.7 and the speed above P = 0.5 (ie., 11.2 
kenots for a 400-foot ship) the curve of areas of sectidns of entrance should 
have a little hollow in it, and this should die out altogether for a prismatic 


coefficient of 0.8 at all speeds. 


4 


+ Trans, Institution of Naval Architects, .vol lv... 
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$16: Load Water-Line—For all tramp. steamers this. should have a 
slightly convex or straight entrance. The shoulder. of the fore end. where 
it runs into the’ parallel body can be, fairly blunt if necessary...The higher 
the speed required, the finer must the entrance angle. be, made, iand, the 
greater must be, the distance from. the’ stem (before, it ‘turns ,into the 
parallel, body. . At low: speeds, say 9 knots for a-400-foot ship, 60, degrees 
entrance angle (side to side) can be accepted. By straightening or, hollow- 
ing. the load. water-lines to. produce a finer end, ia lower “bow. breaker” 
and. smaller: divergent .waves.are formed.. Yet. it does not’ follow, that’ the 
effective horsepower will be lower if the speed is small in comparison 
with the ship’s length. \Am increase in power of from:4 per cent to 5) per 
cent ‘may be the result. of working a hollow, line forward, although at 
higher speeds (usually beyond the limits’of tramp, steamers) the influence 
of the, finer end always shows. itself in. diminished resistance, At the 
after, end, the, angle..between any, tangent to.the load water-line!and the 
middle line of the ship, should not exceed about 20 degrees im order to 
avoid dragging. dead water with the vessel.. It is, of course,’ not ‘always 
possible. to. keep. the. line so. fine, and should greater angle ‘than 
degrees, become:a necessity, the curve must be. so, drawn that the maximum 
slope is as far aft as possible, consistent with finishing at the rudder _ 
without any marked change of curvature or ‘hollow in the curve. . It is 
not generally. realized that at low ds.a fiste end aft, obtained by filling 
out in front of it, is quite as conducive to eddy making as a full finish, 
the stream lines tend to break up’ whenever ‘the rate: of) expansion 
exceeds that given by a level boundary of 20. degrees. to 25. degrees. . It is 
in this connection that the main propulsive advantage of a cruiser stern 
is obtained. With ships of either considerable beam or, high p at 

coefficient, a well immersed Fawieer stern enables a reasonable slope to be 
given; the load water-line andthe lines immediately below it, and thus 
eliminates eddy formation in this area, with a consequent. reduction. of 
about 3 per cent of the total resistance. The more the feature is, im- 
mersed, the better.is the result obtained: 

.§17. Cross-Sections Experiments have shown that there is some advan- 
tage in departing from the usual U-sections forward, and adopting sides 
sloping’ inward towards the middle line from the load water-line, with 
well-rounded heels. The lost at the heel of the sections 
is, regained by working the full water-line suggested. This allows the 
water. which is endeavoring to find-its way under the form along bow or 
diagonal lines, to do so with a’minimum. fate of change, of, curvature 
of flow. To attain this same end it is. good to commence easing the flat 
floor of the ‘parallel midship body into the uprising entrance and run 
sections as soon as the limit of the. parallel body has been reached. The 
area of section can quite easily be maintained by keeping the full beam: at 
load water-line and the levels immediately. below it. for some distance 
forward of the parallel-body limit. This same type of section is. required 
where the parallel body merges. into the run, and further aft the sections 
should be of V. form, in accordance with Mr. R, E, Froude’s dictum. 
Pugble curvature should be kept to.a minimum, Club-footing the after- 
# A sections has not been found to exercise any noticeably bad effect on 
Level Lines’ and Contours—There should be a. fairly "unit rm 
change in the slope of the level lines from load water-line to keel. It is 
known that, at the foré end, the water. flows approximately along bow 
‘lines near the keel. These lines will, therefore, give the best, indication of 
the actual stream lines in this neighborhood, and they should be Reet ta 
easy as possible for some little distance transversely on each side of the 
keel. This can be done either by hollowing the lowest levels at their 
forward extremities, or, preferably, by ‘cutting away the forefoot of the 
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avoid is a marked convex curve 
as the level line approaches the 


contour, Tinie tendé'to the!’ bow 


the wetted area, and cons 


mentioned in §17 this hollaw:can be kept 
ps with the deadwood cut away at 


shi 
thi 


at the shoulder, followed by a steep 
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‘and. in twin-screw 


lowest levels to obtain V-shaped transverse: sections, but 


_ level and bow lines, At the after end, some ho 


upward movement of the floors. 
post,-can be reduced to ail, 


within. limits, 


| 
ng prac ly nothing 
upper ‘portion of the. bow contour has very little eftect until wave-making 
speeds are reached, when forward rake gives, slightly, longer. and. easier ; 
How is required in. the 
| 
| : | 
it 
|. 
slope 


- 26.83 feet, the rise of 


entrance.to run 


ordinary curved-section type. 
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“middle line, as‘this gives very steep buttocks. Above the propeller aper- 
“ture full ‘advantage taken’ of the ‘extra length ‘of thelevels 


which now run to the rudder post. Filling out these ‘levels prevents’ any 


ance inthe way as does a cruiser ‘stern.’ 


eddy formation in this area, and effects an appreciable: reduction of resist- 
§19. To illustrate this portion of the’paper a design for a 490-foot vessel 


of 18,200 tons (see Appendix I) has been drawn out, and is'given’in ~~ 2. 
when 


This vessel is required to steam at a maximum speed of 14 knots wl 
the freight rate is high, and at 10 knots when freight is low and coal high, 
Appendix I, &c: “The prismatic coefficient taken is 0.77. This evades wave- 


-making up to about 12.3 knots P = 0.471, and gives a. midship area of 


1,670 square feet, ote neg to’a beam of -62.75 feet and draught of 

oor being nil. Of the total length 30 per ‘cent 

has been made petecty parallel middle body. The ratio of length of 

been taken = 0.75, this gives a length of run = 196 

feet, and entrance 147 feet: The angle of entrance of the load water-line 

been fixed at 55 degrees, and all the bow sections cut away at the 

heel, the curve of areas of sections having only a very slight hollow in 

it. This’ cuttitig away has involved the contour of the stem being raised 

to ayoid hollow lines. -At the stern the load water-line is 29.5 degrees. 
Phe sections have been ‘lifted at the heels as soon as possible aft of the , 
parallel body, and the form has been filled out above the propeller aper- | 
ture. The curve of effective horsepower for this form is given in Fig. 3. © 
It should be noted that this design is given to illustrate general principles, © 
and. that careful consideration is rs before it is adopted for con- = 
ditions other than those assumed. For example, its propulsive efficiency ©. 


_is falling off at 14 knots and rapidly diminishes at higher speeds. 


$20. Siraight-Frame Ships.—This type of vessel only differs from that 
considered in-the preceding paragraphs in having the sections built oP i 


of straight lines instead of curves. The same considerations apply wi 


little qualification to this type as tothe other. One additional matter, -: 


~ however, required attention, namely, the run and number of the chine or » 


knuckle lines.» A variety of forms of this type have been tested at the - 
tank to the order of the Deputy-Controller of Auxiliary Shipbuilding, — 
and the Controller-General of. Merchant Shipbuilding, and the authors are “ 
indebted to Lord Pirrie for permission to ig the. following: data « 
derived mainly from such experimental work. The run of the chine, » 


particularly in elevation, is a most important factor. This* cam be 


adjusted that the resistance for the form is within a few per cent of © 
that of the curved section ship. With a single chine form, i.e. one-in . 
which the side frames and floors meet_at a sharp angle with:no attempt 
toi bevel or round the joint, this excess resistance can be reduced to about © 
6 per cent, or with allowance for bilge keels, which are not necessary on 
the single chine form, to 3'per cent or 4 per cént. With the chine bevelled 


away throughout the form, giving a double-chine. line,..a slightly ‘better 


result can be obtained, This excess resistance is'due to a small amount 
of eddy formation at the chine. Several single-chine forms have ‘been 
tested with the sharp angle of the sections replaced by curvés of 4-foot 
radius throughout, and these gave a performance of the same as for. the 
ordin he lines for a vessel of this type are given 
in Fig. 4 and the results in Fig. 3. A form similar to this, with sides 


_ catried down to the keel fine, and having a sharp angle at the joint, gave 


results some 60 per cent worse., Lifting this knuckle to an increasing 
amount towards the ends steadily improved results, until a line, as given 


in Fig. 4, was reached. It was also found that; as for the curved-frame 


ship, that:the rise of floor should increase as soon as possible in entrance 


and run, but the sides may»be kept to full or water-line beam’ for ‘some 
little distance into entrance and run.) 
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§21. ‘Similar tests have been made woes in the American tanks, 
and a number of results have been publi: 3 reproduced the 
effective horsepower. curve'for the Michigad * a model of 
approximately the same dimensions and displacement as ued 304. The 


lines of this model are given in. Fig. 4. form of about the same 
relative dimensions, but of, a different type (developed in ‘the {Washington 
tank) having Y after sections and marked U Sections with vertical sides 


; forward, gave results very similar in power to the Michigan model, being 
4 slightly-worse at 8 knots and:2 per cent or 3 per cent better at 12 knots. 
od of sesiit bas 
fAc 


To find’ the belt’ speed and pan ime a voyage of 4,000 miles, 
when the freight rate’ is’ 20s., 10s,, and ,75.; 6d, per ton, capital charges as 
insurance, depreciation}' repairs, &c., per year being one-seventh initial cost 
(y = 1/7), loading, discharge, brokerage and management charges 3s. 6d. 


‘per ton (¢ = 0.175: pound), pour yen dues “1s. ‘3d. “per “ton. for 
coaling, — holidays, ke, and. coal consumed taken as in Mr. Ander- 
son’s paper. 


For the purpose of the peered the calculation has been made for the 
five vessels, as used in Table I of Mr. Anderson’s paper, and as a result 
‘the table is much larger than would ordinarily be required. 

Cargo deadweight C has been taken constant for all speeds, but actually 
would be a little less at high speeds than at low. ‘This could easily be 
set right in an actual ship, but it makes little difference in comparing 

ifferent s and. if necessary could, be. corrected by. alight 

notice even. fair, in. 1 ‘as, time or 

loading; and repairs, &c.,. will not a. serious , change i in, 

i.e., they only, want ately. 
or er on rand definition of, 


“Best ratio’ of beam t m wetted’ 
lacement, for solid ‘of form. ver 


1 is to “it 


rr whith 4 ze the same for 
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orm, which were published Mr. 
for a form Y i ter in but are not 
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and for these to be equal 


of Hartford, Conn., are again on ‘not having been 
obtaitiable “daring the ‘ldst ‘year; due ‘to ''the . toncentration this com- 
pany’ ‘almost’ entirely ‘oh turbines “for the Destroyers: “Althotigh ‘made 
primarily for sale. wich Terry turbines, the ars'aloné are ‘availab when- 
evér' a high-grade ‘reduction gear is desi 

In the design of Terry gears the same ralities which made the ‘Terry 
turbine so popular, namely, simplicity, reliability and interchangeability, 
have been incorporated. There are a ‘number of features of design which 

Terry gears and pinion are of the a double-helical 

ated to true fornt on a Fellows .Gear. Shape The accuracy of 

of tooth generation is such that no OF seraping. Sees 

ecessary. to insure perfect contact’ of tooth aces, gears 
ms are interchangeable, an “advantage not often ound ere the 
h of the teeth is by grindin ing or scraping. 

A. well ribbed, double-walled, box-like structure, extendi fl 
dept of the ‘¢dse, forms a tigid support for’ each pair of 
‘space between the walls acts:as water: jack for Be The 
The between the act both as member: 

le rt, of the case, directly er, the gear rms an oil reser 
turbine. 
The case being of the double-walled, rigid, box-like structure, “accurate 
the aio the gears is nd alg The bored with 
e aid oO tures, the ensi an agnment e peng 
by accurate, gages. "This: rebut in.’ tight ‘and rigid “ft of th 
ringsi: 


The bearings are of ample” aie: sate tend: 
speeds. They are split, horizontally to permit their replacement without 
removing the couplings. The bearing shell is of cast iron mn ton can be 
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seen in is anusually. This is to:prevent,warp 

‘From which se..often occurs in 
bronze or: similar he lining used. is, of base 
tt, on; both gear and pinion, The bearings, are accurately ‘machined 


limits. and require very, little. scraping. Their. inter 


it possible, in.case.of excessive. to, easily and sickly ineplace 
and restore the original, it ts 
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be noted had, the oil Pump is located oil level in’; 
to, avoid lift, thereby in of the gears due 
failure of the pump ‘functi is from. 
‘each, He which ‘the ‘oil is 
‘sprayed Ags of "the +presstire is 
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and: its -bevel-gear ‘drive'-make complete unit’ without 
stuffing boxes or exposed ‘running parts.’ The’ constructed! as to 
be ‘easily ‘accessible:'’ The pump gears may be’ removed for inspection 
without ‘disturbing the’ driving mechanism ‘or ‘oil piping. The bevel’ gears . 
may ‘also“be ‘inspected ' by removing’ a ‘small ‘cover, The’ effectiveness of 
this | lubricating ‘system: ‘has been proved by test’ for,' without any ‘water 
cooling, the temperature of the oil aftéf long ‘rims’ is less’ than ‘that® found 
in most gears when running with water cooling. 

In spite of the cool operation of the gears, a water-cooling system 
forms part of the standard equipment. This system is of particular 
interest, being in contrast to the usuab method of water-cooling coils. 
The water-cooling jacket is hydraulseally tested, and when it is once 
found to be watertight it is certain that-it-will-always remain so. Because 
the cooling jackets are in the/beating ends of the’¢ase, heated oil draining 
from the bearings and gears comes immediately” into contact with the 
cooling ‘surfaces before it has the~ opportunity “f0_ heat the oil in the 


y be furnished for either direction of rotation, the only 
ing above or below the contact 


The gears may 
change being-tocation of the oil-spray p' 


ip’ result. in gears that are cool, reliable. and 


point. Coftect design; careful attention to detail, conservative rating and 
good wOrkiatship 
quiet in operation, 


N.Y. | 


forcing molten . 
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Paper read belore the’ 1919. 
+ Chhef Chemist, Doehler Die Casting Company!!! 


DIE CASTINGS AND THEIR APPLICATION TO THE WAR 
“Die castings: may be definedjas metal castings made by 
metal, ‘under pressiire, into a} metallic'mold or die. It is necessary to 
keep this definition in mind to avoid confusing this process with other ' . 
permanent mold-casting processes. The fundamental principles of the 
process have been known and practiced many YEE “<The simplest appli- Be 
cation is embodied in-the-modern linotype m jin-which molten, metal 
{isa _tin-lead_alloy)}is forded under pressure into a metallic mold. 
he_ “ig derived fromi a pisten~and cylinder immersed in the 
molten metal. Progress in the art of die casting” may conveniently be 
: divided into three groups: MacHine for imparting pressure to the metal, 
material for the die or mold, casting alloys. 
Casting Machines.—The, problem molten -metal under 
pressure into a die is comparatively simple, when dealing with low fusing- 
point alloys, as the alloys of lead and tin, but it is much more complicated 
when dealing, with metals of higher fusing points, such as the alloys. of : 
zinc, aluminum and copper. Although ‘the art: of die’ caSting“is compara- 
: _ tively new and, toa large ‘extent, unknown, the records of the Patent = 
‘Office are replete with patents on the subject: 
_. Fig, 1 shows. the Underwood machine in ‘1902; this’ is’ 
 one.of the first machines designed for fle production of commercial’ die : 
castings. The relation of this machine to the med 
is clearly apparent. A cylinder and piston are immersed in the ‘molten 
metal, the application of power to this the molten metal, 
under. pressure, into the mold or die. ‘The Doehler. machine, . Fig. 2, : 
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patented in 1907, ‘is based‘on the ‘same general’ principles. 
or the pres ine, throughout 
es, ‘for ‘the’ ction of ziric, oy” i¢ ‘castings.’ 
n the machine’ shown in’ Fig. '3; patented by’ Doehler in’ 1910;' com- 
air is'used for forcing the metal into the die. In’ Fig. 4'is’ shown 
another of this type of machine: Here comprésséd’ air is ‘applied’ to the 
surface of the molten metal to ‘force into the die. 

‘In a machine patented by Chandler in 1914, shown “in Fig. the: 
ciple of ‘the internal-combustion ‘engine is ‘applied for’ exe pressure’ 
on the molten: metal. A charge ‘of gasoline vapor’and air is injected into 
the melting chamber, the explosion’ of which ‘forces the’ metal ‘into’ the’ 
die. ‘The’ writer ‘has never heard ‘this machine’ being used’ ‘on a‘ com- 

mercial basis) but it’ is mentioned’ to show the various: means: ‘suggested ‘for 
forcing: molten metal-into adie 

Me Used to avoid BlowholesThe fact that die castings are made’ 
under ‘pressure would suggest, on ‘first thought; dense and homogeneous: 
castings ; this impression, however, ‘is’ not in accord with actual’ practice.’ 
On fracture, the pressure die casting’ will ‘be found to consist’ of ‘a’ dense 
closely-grained’ outer’ stratum ‘and’ a ‘porous’ inner stratum. Blowholes of: 
through size may be expected in the center of the die casting, eee onegeed 

heavy sections. Many’ machines’ have been’ designed’ with t 
object of ‘overcoming: this” difficulty and ‘producing ‘solid die 
castings. 

Fig. 6 shows an air-operated with the: die: 
in'a vacuum chamber.’ The invetitor ‘evidently ‘assumed ‘that ‘the only: 
cause for! blowholes: inthe: casting was the présence of air inthe ‘In 
Fig. 7 is shown’another die-casting: machine in which the vacuum prin= 
ciple is applied; ‘here the vacuum is applied directly to ‘the dies 

The production of die castings free from blowholes has been" the’ most’ 
serious problem? controlling -die-casting manufacturers. At” ‘various 
times’ it ‘has! been! stated that processes capable’ of producing ‘solid’ and 
homogeneous die castings’ ‘have been'developed.’ If. all blowholes' ‘in die’ 
castings ‘were ‘catised’ by air coming in ‘contact with’ metal, ‘the ‘vacuum 
process ‘would deserve consideration. That’ the presence of blowholes in’ 
some die ‘castings are due to other’ and more’ serious‘cauises, ‘the’ writer’ : 
will endeavor toprove, 

In| '8*is showna' thiat? be gated at. 
or in the best ‘foundry practice the gate: A ‘would ‘proba used. 
The first’ metal that: goes ‘into’ ‘the: ‘die wilt ‘chill ‘around the ‘inner walls! 
and take the form shown ‘in the shaded portion. _ The gate’ tiay then’ 
become chilled (before: the’ itinér portion ‘been filled; this’ will cause 
blowholes that no vacuum ‘wilt éliniinate.’' ’simifar effect willbe pro-' 
duced the metal -was tod .cold at’ the ‘time of castirig:: ‘The writer has’ 
castings ‘Having only ait outer’ shell;similar to that’ shown ‘in’ 

by limiting the amount of metal injected inito ‘the die to’ a ‘quan-' 
less than’ that required to make the casting’ A similar result! may be: 
‘by raining’ the'‘metal’' so cold’ that it’ chill) the ‘thinner.sec! 
tions’ the" casting “before the | ‘heavier ‘sections’ are completely’ ‘filled: 
Lack of pressure will produce the 

Blowholes. ‘die castings ‘may? also by the p that 
wé' sometimes “piping.” Makers rolling-‘mill ingots Have ‘often’ 
been? ‘cotifronted! with this ‘problems Tn: Fig. is shown ‘cross-section’ of! 
another casting gated at’ A.’ The: metal! ‘flowing’ into ‘the die ‘at’ 
fill the: entire: mold cavity, assuming’ ‘conditions’ 'to'‘be 44 
but ‘the: metal- in the 'thirr section adjoinin chill before ‘the ‘heavier 
section;'so that; ‘the ‘being’ fronr't a hole ‘will’ 
be! left the’ center) Here; again; antage ‘can be gainied ‘by ‘the’ 
oft ‘the vacututty system. ai m heey evolls 49° 
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Dies---In,the manufacture of, die castings from) zing, tin and lead alloys,, 
dies:, made) from low-carbon’ ;machine, steel :Jast. almost.-indefinitely, and 
answer every, purpose, Inthe first ,attempts to. die-cast. aluminum, , the 
problem: of obtaining suitable. die material presented. serious difficulties, 
which were described by the writer in.a,paper: read before. the American, 
Institute, of -Metals in 1915... This problem, however, has: been solved. 
the use of various alloy steels making. possible the: commercial casting. 
of, and its alloys, which. constitute the greater,part of the die- 
casting: industry. of today. :The proper. gating and venting of, these dies, 
are ‘problems that. arise, daily ..and .on the. solution 
depends ;the success or. failure,.of, the process... . fiitiem 9d 

read: before: the, American, Institute. ‘Metals in, 
1914, the, writer described the various types..of zinc, tin and: lead | alloys 
used in the. die-casting process. The application of ; these, alloys. and 
their. limitations ,were also pointed) out..: At;thatitime the, die casting of 
aluminum. and its. alloys, was: barely beyond the experimental stage. During: 
the: past, four years the most important advance in the art of die: casting, 
has, been made in the perfection of the process. for, die-casting, aluminum) 
and its alloys. The importance of, this. achievement:as.an to; winning. 
the war is, best demonstrated, by,.the fact that atleast .95 per cent of the. 
die-cast parts used directly, or, indirectly. as materials of war were made. 
from ‘an dluminum-base alloy, Of these; castings, only a, very, sinall, 
centage could have been produced successfully in 1914. 

Investigations of the casting properties of metals and alloys in the past 
have been generally, limited to, sand. castings; few -data.are ; available as. 
to) the. casting properties of. metals or alloys in metallic molds... Just what 
constitutes a good die-casting, alloy is.a subject of, unusual interest. A 
few’ of .the important requirements, outside of the ‘usual, Dhysical proper. 
ties. demanded ‘of .alloys, ‘are: 

_ Melting-Point.—The successful die-casting machine, in every ‘instance is. 
constructed of iron, in one form or another... The melting-point of she: 
alloy must be such that it will melt readily in an iron pot.. 

Solvent Action-—The solvent action, of the alloy on. iron must. not be 
too great. Molten aluminum, dissolves. iron very rapidly, and analyses of. 
aluminum die.castings.on.the market. will show an iron content of from 1. 
per cent to 3 per cent, due to ‘the solvent action. Fortunately there:is no. 
serious objection to the presence of .iton-in. aluminum casting, alloys. 

(Should the aluminum. absorb much above: 3 per cent iron, the melting. 
becomes too high and: alloy: viscous: and unsuitable for 

ing castings. 
Elongation -=The of the. metal is of vital, importance in, de- 


termining the die-casting properties of an alloy. Not. isit desirable: 


to. know the elongation of the alloy when cold, but it is o greater! isapopr 
tance to degermine the elongation. at, various,,temperatures ng: from, 
the melting-point, of the alloy. down to normal temperature; ., reason 
for this, becomes apparent when the physical phenomena of the die-casti 

process, are’ considered. Let, us assume that! a ring,'12.inches (30.48 cm.) 

in, diameter is to. be. die-cast in a. metallic mold around a. metallic core. 
As the molten metal strikes; the mold. it,solidifies, Here, a.change! of 
state occurs. that. is: by..a in. volume,. commonly 
termed .shrinkage.. Unlike)'a.sand core,)the metallic core .is;not,com- 
pressible, and retains its original) size and form so that, the shrinkage: of 
the metal is, converted into: a stretching action on the.solidified, casting. 
the of the alloy:: at temperature, is not-high: enough 

is.stress the casting will crack., In the ‘usual die-casting 

it,is not, practical to ‘remove. the casting: from the die at, the 
tion temperature of the For example, the solidification, temperature’ 
of the aluminum-copper allo oys used in the die-casting: .process is, approxi-; 
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1,150 degrees F. (621 degrees.C.);), It;has, not been. found, prac- 
tical to run the casting. dies above a temperature of 500: degrees. F.. (260 
degrees, C.),; which. means, that the castings, are withdrawn ‘om. the, dies 
at that temperature. ..[t, follows that, the casting is subjected; to asother 
stress after the casting has ‘solidified, due to: the, contraction 
volume must occur when casting; is cooled, from. a of, 
1,150 degrees, F. to 500.degrees. F. 
The writer has been unable to find a any veliable method dos determining 
quantitatively the elongation of alloys at various temperatures. Many 
ods:;have, been suggested; but: have ‘proyed; of doubtful: value, 
he simplest way is to use the old try: -and-see” method. To test the 
alloy, a casting is made in-a dié having a comparatively large core and 
thin wall. If the alloy can stand the casting stress, -a perfect casting will 
be obtained, otherwise e casting will show bad cracks. Only a com- 
parative result; is. but. for. it. answers. the .pur- 
pose., Howeyer,,.g. sim le..and, reliable. method.. for determining. quantita-. 
tively the elongation of, metals, and alloys. at, various temperatures wo 
prove, of, enormous, value all metallurgists, ‘engaged; in the, various. 
of metal- -casting research... 
it. is interesting to note that the. elongation of. a metal. ‘or, ‘alloy. at, 
normal temperatures, is no indication to, the he. of, that, metal. or 
alloy, at temperatures, The writer has found .many cases, where; 
a lloy. showing little: or, no: elongation. at normal, temperatures shows a. 
ngation..at higher, ‘The alloys. of, aluminum and, 
cone, may, to point, It is well. known that. the, addi-. 
of: aluminum: reduces. the elongation of the. aluminum. 
alloy. alloy containing 12 pér cent copper, will show; less. 
elongation than an alloy only 6 per. cent. copper wees | at 
normal temperature. evertheless, the 12. per, cent. copper 
greater ,elongation.at higher temperatures, than, the 6 per cent. I an 
consequently. the 12 per cent alloy.is, better able. to, withstand, the. casting, 
stresses, to which it is, subjected in the die-casting pr 
In the early days of. the die-casting industry were, compounded 
indiscriminately, and little or no consideration was given to the. metal-, 
lurgical principles inyolyed. many instances knew 
much more about machinery than about metals. The -result. was ‘that. 
there. were put on the market. die, castings. made. from alloys, that; sdete- 
riorated rapidly and, peste a prejudice among gagineers against. the 
of these castings. That, this -beeidics -was in pats justified must . 
admitted neverthel the. modern. die-casting. Plant is. equipped. with 
physical and chemica testing laboratories and the die-casting practice of 
today bears. no relation, to of five years ago. 
Die Castings. Made for War castings Have, had their 


‘most severe: test, during the, past. two years, during which. time. most. 


of the. die castings manufactured were used age ; or indirectly, in the 
vernment’s war. program, Here isa. partial ‘is of the die, 
for this purpose rote iain 
machine 100 die-cast parts to every gun. 

, Browning machine four, of, the most, vital PARE. wid’ 


Naval. and, army. bi s, the entire hopsing,,, 

_ Army. truck, tank and. airplane. die-cast; parts include , ignition, 
system, carbyrettor, gasoline-regulating . devices, 
-bearing cages bearings, indicators, &e. dakgini to 


Pistol, complete signal pi 

“Submersible bombs, as ‘many: 23.10 

Hand and rifle every grenade manufactured is 
contained one or more, die. 
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~ ‘Trench ‘mortar’ shells, plugs die cast.) 
‘Airplane drop bombs, one’ or ‘more ‘die-cast fy 

Surgical instruments, including hair clippers, ae: 

“In many instances, die-cast parts’ were used where “Failure of the 
part’ would result’ in serious loss of ‘life. “The fact ‘that not’ one’ failure 
of’ a die casting has’ been reported must’ continue to be source of 
satisfaction. to the modern mariufacturer 


iy 


on THE METALLURGICAL INFORMATION ‘REQUIRED. By 


For’ ‘the past four years thé writer has been ‘responsible recon 
mending materials ree all parts of aeroplanes and aero-engines. In 
neering ‘it ‘has ‘been customary to adhere to the use ‘of materials witch: 
experience has' shown to be suitable for the different parts; but in aircraft! 
a new factor is of paramount importance—viz. : wéeight—with ‘the result! 
that ‘new matetjals; such, for’ example, ‘as aluminum alloys, are constantly 
being’ stiggéste and tried for purposes for which they have never before’ 
been tsed. " Further, it has become of importance ‘to use all materials in 
their’ strongest ‘condition; thus the ‘bulk of the stéel used*is' so treated as 
to have a'‘strength about’ double that 'of ‘the steel’ used for ordinary enigi- 
peat | work. In order to be able to judge ‘whether a new material—or 

material in a new’ condition—is suitable for any particular use 
the’ problem therefore becomes of essential im- 
portance : what properties of ‘the’ material does its suitability for’ 
purpose depend ?” 

m has arisen‘ in’ connection’ with’ al! sorts of 
metals,’ and’ hemp, ‘rubber, paint, arid in connection with’ 
use in engines, ‘aeroplanes; balloon. loons, armametit, | instruments, &c. 

‘simplify’ problem let us’ confine our to ‘metals for ‘use. 
in engines. In order that ‘a metal may be. suitable for'a particular part: 
caging ‘it must possess’ ‘certain’ ‘properties which the’ ‘engineer’ ‘ean 

y specify, ¢.9..” 

“1. ‘Stability, ‘strength a tHinute 

Long’ ‘life; endurance ‘when’ siibjected ptress—of a definite 
sort—and when subjected to abrasion ‘and corrosion: ° 
for: certain Parts, a low Coefficient of 

t bearing 

For simplicity we may confine’ ‘atleation’ to’ 1 and 2. Stability’ 
and ‘long life, then, ‘ate'the properties desired ‘by ‘the ‘engineer; but these 


ip is 


_are not’ among ‘the properties ‘which are known. to the metallurgist, anid’ 


when ‘the’ etigineer asks for information he'is given 4 véty ‘different’ list: 
of data} viz): ‘Chemical: analysis; ‘microstructure’; ‘mechanical ‘tests—aulti- 
mate strength, elastic limit. reduction, of ‘bend tests! of 
sorts ; Brinell, ‘scleroscope fatigue” ‘range; chemical” 
action: 

There is hardly” aay ‘between’ the? two" tists" “Th 
attempt to bridge the gap between’ the’ two wé ‘a'terrible: ist oftv 
words ‘to hide’ our ignorance—Hardness ; toughness: ‘and brit: 


tleness fibrous of” erystaltine structure’ ‘or ‘vibration 
or impact. f 


ify it 
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_ holes, pin holes, ball 4 Brinell hardness. 


Resistance ‘to’ sera 
Lite ‘inden steady’ stress. / Elastic limit.’ 
Life under varying 


Lifé under ‘abrasion... Con the mean. 
ings). 


The 

Of no interest to'the engineer... Microstrt 

Little interest except‘ giving margin of 

No’ interest: 


To the. want “of ‘the two’ 
let us suppose that it is desired to replace steel by an aluminum alloy for. 
some. by is it’ is to’.make. at the 
mparison aring the ai alyses ‘or the microstructure the 
It is useless to compare the’ | 
tions, Britell, ‘and’ Izod’ figures. For consider the. 
elongation. do’ we specify fy 17°) cent elongation’ ‘for a steel crank’ 
shaft when. 1/10° per cent, if it irred, would rain it?” Is there any, 
reason, then, to 17 per cent elongation for an alumintm’ crank-° 
shaft? These, aj atently important mechanical. tests ate really’ no ‘more! 
rational ‘guides than, say, color. As ’a matter of fact, an experienced! 
eye can judge as well by the color of the ar fracture as by the Izod 
pe of a fracture. -But it is obviously useless to compare steel and 


Tf the t metas properties are useless’ to ‘the are 
so many of, th in, the. specification? Owing, 
knayledee stout the and stabil of materials, is ossible, to. 
fy, gual and the. has'to. specify, some definite mate-. 

wishes, to..se, either for. an. or as a result 

rich For: this purpose. he the chemical se 
th condi n. Of | the; m 

th are which determine its behavior un itions “speci the, metal 

t is to. determine, tests. which shal now the extent 
which those physical properties exist in ahy metal 

3. The names for these-propertiés ‘must be defined. 


ap prides crane shaft that, the only 


Stability under 
i 
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Freedom from ‘sharp cracks, or. faults. Such faults may. be to. 
casting flaws or to a crystalline; structure which encourages surface. « 

property. may, be found, t necessary, Proper 
cated bearings—if, not, this, must be to. the. list, 

All. the, , other enumerated on the pages “may ‘be 
fount to have no direct bearing on the suitability of .a.material. for, oe 
shafts. It be toa steel maker to see.a 


advance on our. Such complete. | have 
reached in a few cases, and are not 


property, Strohmeyer’s test,; 
further research on test, will probably make. it 


to be that engineers and meta urgists have not pene otf togeth her, ra 
that engineers have not fully realized the hese nature of the 
problems, they, were attacking. 

It may be. possible to correlaie the ineering. properties with, 
the results given by existing test, ‘and: it is on these lines that. 
most work has hitherto. been phe, but more probably new methods of 
testing will haye to be devised... If. new, methods of testing are needed it. 
is important that they should, be ,desi ed. to. give t the precise information| 
required. Too many new tests have been devised in recent years without 
any exact, knowledge. of what th Fesults, si signify. As, a, consequence a 
great. amount. of research has been, expended, in. endeavoring to in-. 
terpret the meaning of the new, tests, which research mauld have the 
more spent in festa to “aie ential 


INSTRUCTIONS, FOR SAFE_USE OF. PULVERIZED FUEL. 


Pulverized coal’ fuel involves certain ements’ of danger due to inflam-. 
mable and explosive roperties, as is case also with oil and gas fuel” 
In order to ensure efficient service and té, avoid accidents, therefore, it is 
necessary to provide careful handling by men Broperly itistructed’ as to. 
the conditions.’ Since accidents might tend to’ gen this comparatively 
modern system of fuel’ into “disrepute“‘a set of rules and’ ‘instructions’ 
relating to the preparation, ie and use of pulverized coal ‘have’ been’ 
by ‘the Pulverized’ Equipment Compariy,’ of “New York, 

ited States. These rules are given below, with some 
information, from another 


The ‘of rying, 
storage plants, should, be. under. the si 


} 
| The. above..two: requirements: for a.crankshaft may be, referred.to, more; 
elementary, properties. bythe metallurgist. He may be able to indicate 
the types of solution. or crystalline a ate which are likely to give the 
been » 
uired 
given. little 
ctly trustworthy, 
‘and 
who are 


fully’ instructed and "informed *with’ respect ‘to ‘proper ‘care, 
operation’ of ‘all the equipment in conformity with the Palverived 


Equipment Corporation’s rules and regulations’ for’ the preparation; : 
dling-and burning of pulverized fuel, 

2. Pulverized fuel in ar is, under certain ‘conditions, both in- 
faramable and explosive.’ At'each entrance 'to'the fuel-prepari building 
permanent sign ‘as follows ‘should’ conspicuously placed :- 


ins, elevator casings, ‘conveyor. xes, ryers,. an verizers 
should be. kept, absolutely. dusttight. . 
Wood ‘or .other. combustible material must not, “he used under..am; 
circumstances 3 in connection with pins or containers for Wels, dry or,, 
ve ue 
6. of ‘pulverized foal: on surfaces it may Be 
lodged ,and . become, suspended in ‘or ..the.formation of, any 
‘cloud, is to be, and; th and equipment. for . 
the fuel sho should be a 
7. Fuel dust should ‘be, swept, off the machinery and. other. surfaces, and 
blown off. with compressed air 
Only incandescent. lamps equipped wi ‘heavy. guards should used 
lighting in fuel-preparing. plan .it is mecessary to. use a 


in, a: space, , such. as, elevator separator..or bin, 
to 


ne .with. great, care, So. as_ not, low. the lamp..to, be 

and the never be; allowed to lie against pulverized fuel 
in storage... 

9. wee use of, matches, open fires, lanterns. or torches about ite 
ing olan ‘should, be fi rbidden.. . 

1 a premises. sho orbi 

The. temperature of the, gases at the discharge end of ie diver 
should not be allowed to. exceed. 400 degrees. as registered by t 
in. the. flue to the: exhauster.or stacks, 
- 12. In starting fire in the dryer furnace use the smallest amount. of 


13, The. “use; of air, For. the. transfer pulverized fuel, ‘from one con- 
tainer to, another, should be avoided, te 
14. In shutting, down the tat. ‘the.end of, a, a day's, work me fuel 
should be fed from the dryer, the, dried coal. bins,, and pulverizer.. 
_ 15, ‘The,.National, Board of, Fire, sho: ca Tor the be. requested. to 
pass upon any terminal put into e fect handling of 


3 dy SUPPLEMENTAL INSTRUCTIONS, Gi) 
16. Local. cons ma “Hecessitate ‘the’ 


_ 17. Should. pulverized. fuel. in bulk bulk ignite w in storage bins or con- 
tainers other, than those the, furnace: combustion 
chamber, the containers. should, be jflooded, with water inlets, 
letting, this ; water, with; the coal pass, through the: 
a? rol paid ottved jo besten 


; 
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Should pulverized fuel containers, 


the! regular, manner as possible, 
INSTRUCTIONS FOR FUEL, FEEDING, BURNING, ‘An 


1. Be sure the. stack damper is ‘open before the fuel feed is. started, 

2. Be sure feeder is turned.on full. before, the. fuel, feed. is., startec 

_ 8, Be. sure’ fuel feed is entirely stopped before feeder, air is shut off. " 

4. Fuel as delivered to pulverized. fuel ‘bins “Should have less than 1 per 
cent of moisture, and should be pulverized a so that 82 seat cent will pass 
a 200-mesh sieve, 


‘combustion ichamber| become. ignited, it fed. 
ith 


‘bearings should “be ‘kept’ well tubricated, a amo” ‘oil: being. 


used on motors and blower bearings and a ood, cup’ ’on 

6. Before rina the boiler be sure aie’ ‘stack: ‘give 
about 1/10-inch draft in the furnace! Harig’ igitition’ ‘fire ‘of oil 
about'12-inches from’ the’ ‘mouth ‘of the ‘burnét;' or builda ‘wood fire’ on 
th floor the mixing. oven, to. the ,pature’ of the’ fuel! that “is 


Be sure. that the feedér ‘blower. is ‘up to, that ait’ at 
ressure’ is passing the feeder and’ burner: 

8. After making sure ignition fire’ is’ full air 
blast is passing through the’ burner start’ one 25 
revolutions per minute. Fuel should ighite at ‘tice.’ AS ‘soon as’ the fire 
begins burn well;’'start the ‘second’ feeder—this’ applies to: mixing ‘ovens 
twin burriets—at ‘about ‘the sdine as ‘above. 


ed up the feeders gradually and adjust: ait o 
and stack damper ‘itil the boiler‘ is 


ers are used‘ theit speeds should’ 
10. While the boilers: are under load the 
maitttain the ‘water ‘at ‘correct ‘level, keep’ tte’ ash, 
clean the burner mouth and. auxiliary, air openings ‘when 
Blow of heatirig stirfaces every Six to. high high’ 
‘air’ from’ the feeders" the 


air This ‘will keep ‘the “boiler 
1 if 
most systems jin that, the. and storage facilities are’at 
some distance’ from the factoty’ contaiting' the fiitnaces which 
are to be served, The Bonnot Compaty,’ of Canton, ‘United States, which 
the ‘apparatus ‘for this’ ‘system, has Hd general’ ‘Set of rules, 
but issues ‘the following advice be redoced 
Moistire in ‘the’ coal 'be:‘retduced ‘gbout percent before 
izing. 

ree days 
all has a tendency to or and if 

to stand too: long spontaneous combustion wi 

does not of result coal itt. ‘bridge 

or: he a in the bin, thus making it difficult to feed it out for vse 

In this Holbeck system the coal pulverized at the distant plant, as noted 
above, is to the furnaces by means of a distribution main, _The 
coal is fed: lant’ by ‘theatls Of screw 
‘Conveyors’ discharging the ‘suction’ side’ of a blower.’ ‘It’ is ‘then ‘con- 
veyed tothe! plosive mixture’ OF ‘ait, ‘the ‘ratio bein 
about 60 cubic ‘feet’ of “air ‘to''1 pound of pulverized 
which is not used at the furnaces is then returned to,,the, bin at; the 
main cr th plant to be used over again. 

Under this system, instead of having epee bins for the several 


3 ? 
| 
. ‘ 
4 
j 
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puly, erized coal, stock is available for any furnagce.,|,There is 
also the having the ‘bine atthe p ubbere 
more, there is to be a. minimum, of danger of spon combustion, 
Owing to, the. fact, that there is, of coal 
from’ Bote meta to he: the ins, since the coal \is,fed out from the 
that furnace is returned and enters at at the. top 


of follow sets, f are issued ‘by the Fuller Lehigh Company, 
Palverized is harmless unless, mixed airs sheretore. the. fol 


ht. . The « ball ‘should never come in. contact 
with the fuel in apg 
2. Never attempt any tank. ph ‘hin that, t contains ‘pulverized coal 
for any reason w insert your, head: investigation 
without first thoroughly airing the interior. . Pulverized, “Storage tanks 
may contain methane, an orless gas, which, will. quickly, render un- 
conscious anyone When ‘necessary, tanks. may. be.,aired. by 


the, m manhole. dao a. smolder jor. fire, or 
they shoul be dosed ti tend er 

The, pu uilding shoy 

pockets and jen Comers, or, projections be 
iG, not; open, .¢ f..casings, conveyor or. pulverizing 
whe machinery is in operation, After ow 


&-Do not waste to stop dust leaks, 

19. Keep:all elevator casings and tight, and. keep. 

entire bui ing) as, dustless as, possible, 2 ii 

‘Make daily. inspections, gty 


the ito fill, all, spaces where. coal might lodge 
12. Always gear casing and, pulleys or. ‘belt guards 


or, if, jin r that, no. oil ac- 
or, catch, fire, oF or ‘Parts. at) 
18., Be .particulas, concerning. cleanlin 
14. Safety, devices; should. be properly, installed protection 
ing up a, furnace, pulverize asa 
the fire, turn e air the c 
batting ai! Failure, to ‘this nay 
oa pu ck-fi fil TIO 
16, Neyer ignite them air, and., jin, the. furnace 
by, reaching \in oF opening the don corer ihe 
a ABRASIVES ‘FOR SPECIPIC USES. ai 
:oThe manufactured) emery : wheel was')a decided: advantage over‘ the 
natural saridstorie; >but! as: manufacturing! conditions iw: mote! 
an attempt was made to produce a wheel which would more nearly meet 
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the’ requirements: Corandum: tothe same family! as \emery,’ but 
is purer. This’ material was more ‘satisfactory’ than ‘emery, ‘but° because 
the quantity’ was limited’and because’ it’ was ‘difficult’ to ‘obtait suceeeding 
shipments: of uniform quality, even corundum was fot’ entirely satisfactory. 
The électric furnace made possible ‘now to use abrasives which 
are ‘constant’ in qnality and practically unlimited in’ ‘quantity. ‘Pwo ‘distinct 
classes of électric-furnace abrasives are in existence, one kndwh ‘as’ the 


_ aluminous group, containing aluminum oxide as the base, while’ the ‘other 


is ktiown a8 the carbide-of-silicon' group, and’ is marketed ‘tinder certain 
trade names as crystolon, carborundum, xolon, ete.” These electrie-furnace 
products “are known ‘as artificial’ abrasives.’ 
‘There is hardly an article’ of commerce whieh does ‘not’ come: in tontact 
1 abrasives in’ at least some of its’ manufacture: 


Infusorial earth; Tripoli, rottenst ne," fice, 
Diamond dust and bert? 863 ae 


Emery and corundum, © °°" 
Artificial abrasives of two al ni eas le of 


Sandstone wears more rapidly on ‘any ‘grinding ‘than 
a wheel containing an artificial abrasive,’ ‘but ‘since’ sandstone ‘costs. much 
less than a modern grinding’ wheel, it ‘requires consideration of wear - and 
cost to determine which i is the ‘more! economical. 

Artificial abrasives in themselves have no effect upon the 
in' ‘that the various human ‘fluids have no ‘chemical or ‘physiological ction 
on the abrasive. * However, tio doctor ‘would approve a man working in 
‘an, atmosphere containing a large amOunt' of abrasive dust. The irritation 
which would result in the ‘nose, ‘throat’ and lungs would’ ‘in’ turn produce 
a situation whereby such diseases’ as’ tuberculosis t’ develop. The 
dust from all dry-grinding operations should be remiov Just’ why ‘sand- 
‘stone should cause tung ‘diseases ‘to develop rapidly has not‘been de- 
termined. Nevertheless, it is a fact that even ‘uneducated operators ate 
forced to. give up, work which requires the’ use” “of after a 
year to a’ ar ‘and a half.” 
~'Infusorial ‘earth, Tripoli, rottenstoné ‘and ‘are’ soft 
abrasives, and readily break down into'thé ‘form: of a’ fine ste: 
when used ‘with water ‘a mud is formed ‘which ‘aids’ in’ polis 

‘Garnet is also'a ‘natural ‘mineral, very ‘much’ softer than either emety 
or corundum. On account’ ‘its chemical’ composition it ‘cannot be 
bonded in the form of a yitrified wheel, but: must’ be’ used’ in the form of 
layers’ or strips held! to a background by inéans Of glue or cément: 

The nature of garnet makes it particularly ‘well’ adapted for working 
this wood, and® ‘garnet’ discs” find’ ‘extenisive ' use” if ‘the! pattern’ ‘Shop’ for 

reason. 


is mostly ‘for’ lass, ait orditia d of good 
"quality form in which it finds commercial ‘use. binge 
The ‘action of ‘abrasives! when’ used ‘in ‘the form of hones,’ 
whetstones differs from that when used in the form’ of wheels in that 
cutting action is slow. As a very keen, sharp edge is essential to the metal 
being cut, it is therefore necessary thatthe abrasive he!of small size. The 
stones are used either with water or, oil, or, in.rare instances, dry. Stones 
containing artificial abrasives have largely replaced natural stones. 
the form. of) dust,' diamond. and | bort are: used’: for lapping; or for 
cutting and polishing A consists of soft: metal, 
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Of tast-itoni, in! which is ‘imbedded small particles ‘of the diamond: dist! or 
bort. The lap is revolved, rotated, or réciprocated ‘at slow" speed, sand and is 
vised only where very ‘high! iyefiniement is 
‘Eméry is a natural mineral.” At present’ ‘the mines: producing the greatest 
tonnage are Turkey atid’ Greece! It is mechatica Bear ‘of 
lline’ aluminum oxide!'and magnetic oxide ‘of iron, the ratio bei ne, 
roughly, 60’ to 65°per cent aluminutty oxide ‘and 40'to 35 per’ cent magn 
oxide ofiron. Since magnetic oxide’ of irom ‘has very low abrasive prop~ 
éfties;' is not‘an efficient abrasive; "in that ‘only ‘approximately two- 
of it is'of stich fiatuire ag to Due to'the fact; howe 
that it does contalit so ‘mutch’ mugrietic 'o of iron, it 
‘and' becomes ‘extremely hard’ form ‘of ‘witti i 
DEHOM 
crystalline aluminum’ oxide. A’ very’ good: grade of 
covered’ in’ Canada; and placed’ on ‘the ‘market “shortly after’"1900: 
supply is limited, ‘and’ as’ the ‘artificial ‘abrasives have’ ‘come 
adian corufdum has diminished.’ There ‘is a-good grade of am: 
India, At important! factor inthe ‘American market: 
“There aré’ various artificial ‘aluminows’ abrasives on ‘markes alt 
differing somewhat’ in ‘both’ phiysicat’ ‘and’ chernical’ composition. 
“common ‘trade “names. ate ‘alundum, ‘aloxite, ‘boro ¢arbon,’ adamite, 
‘They:consist essentially of 90 per cent ‘or more of aluminum oxide, 
remaining materials being ktiown imptirities, and ‘consisting ‘of 
oxide, ‘titanium oxide, ‘atid” asives ofthis’ ‘class produced: 
in the electrig ‘ate furtiace: “Bauxite is the most ‘satisfactory raw material! 
to use, although emery is also used.. The manufacture ‘consists ‘in’ fusi 
a material ‘high ‘in alaminum’ ‘oxide under the ‘high temperattire ‘of 
electri¢ are, witha reduction’ of the ‘impurities. abrasive floats 
top’ as ‘slag, while ‘the’ impurities in’a' low’ state of oxidation | ts 
tothe bottom, and’ are ‘later separated “by ‘mechanical: means''2 mag- 
netic Separator after the furnace operation is completed. After" 
has’ been “shit off from’ the’ furnace ‘the pigs are“allowed to! fo 
namber ‘of’ ‘before’ up into’ shall’ pieces. Dhese ‘small 
pieces ate’ further size ‘by powerful ‘crushers ‘rolls frit? 
sizes varying’ all ‘the way from ‘pieces: approximately inch “across, 
particles’ ‘so fitie that they will stay suspended‘in water for a long-time. 
All ‘carbide-of- abrasives are’ aftificial, and also‘depend' pont the 
electri¢: furnace for: their manufactare.’ ‘The ‘raw imaterials are’ co! 
sawdust’ anda’ little salt. The resistance ‘furnace ‘is used, “and°a 
sectional view would show a central.core of granular aie around 
which is placed a mixture of the coke, sand, sawdust and salt. The heat 
caused by an electric current ‘passing ‘through the carbon core is sufficient 
to result in a union of the carbon in the coke and the silica in the ae 
producing ‘cottipound ‘one. atom’ each of ‘carbon’ and’ sili 
‘Pure ‘carbide’of silicon ‘is’ ‘pr obably color ess.’ The purest forni ‘known: 
is light green, while’ the rieties vary from gteen' to ‘2 
dark ‘blyeé'to’ jét black in ‘color.’ The ‘chemical’ composition ofthe’ 
kinds varies’ bat sligh but ‘his with differences if’ 
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4 
Nov24 abrasive means’ that ‘that particular’ of' zrain “had passed’ 
through a 24+mesh screen,’ but‘is too’ latge to’ pass through the next ‘finer’ 
which 30°‘holes to’ the’ linearinth.' Sizes finer ‘than’ '200 ‘are 
designated by letters, and’ are ‘referred because’ the ‘particles: 
are so fine’that it is ‘hardly accurate to refer'to them a$ graig. 
Coarse.grains:are used for operations: where ‘the rapid’ rémioval of stock! 
| is ‘necessary, while:the finer sizes are used’ inswheels intended'to remove 
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a.small, amount of material and, produce’ a; good. finish on, the 
flours.are,used in very fine oilstones, rubbing, bricks, etc. . 
Mention should be made. of, the use of abrasives for polishing pu 
For this work. the abrasive is not bonded in the, form. of a sold. Wheel, 
but is held to: suitable wheels of canvas, leather, etc., by means, of glue... 
The object m polishing is not to, remove .material rapidly, but. rather 
to: ‘take small shallow cuts, so that eventually the, surface: presents an at- 
tractive appearance. Aluminous abrasives, are. used mostly for 


_ If earbide of silicon could be readily. held to,a. polishing whet 


of glue, this abrasive would be used, more extensively than it is, 
Hardness is undoubtedly the most influential property of. an abrasive. 
Mineralogists. use what is,known.as Mohs’ scale of. hardness, in, w: hich the 
diamond receives a value of 10, corundum is numbered at 8, while topaz 
is numbered at This scale is undoubtedly misleading, in that there. is a 
mes: : difference in hardness between diamond and corundum than 
corundum and topaz. Nevertheless it is, in common use, principally be- 
cause materials harder than corundum, present. great. difficulty in being 
properly, tested for hardness. Tests, have been made. indicating ves the 
aluminous. abrasives are considerably harder than,,.corundum, 
Gongs: not nearly so hard as diamond, while carbide of silicon is tween 
iamond and the artificial abrasive in hardness... . 
to ‘hardness the most hysical property of, an, 
is toughness, Toughness is v e,, While the individual cuts 
each abrasive particle are, small, they ae ‘eno: $0 
that considerable resistance is bro cient, 


the whi 
in materials of high tensile the: 


he r the two types of artificial. ‘abrasives, aluminous and carbide 
of , silicon, are in such extensive use, is primarily. because carbide .of 
silicon, while extremely hard, is,not so, tough as the aluminous abrasives, 
which in turn possess less hardness than carbide of silicon, but, are much 
tougher. Practical experience extending over a period of years has proven 
that for materials of high tensile strength the aluminous abrasives ate: best 
adapted, while for materials of low. tensile strength carbide of silicon, is 
most ient.. The meeting point is probably..at| malleable iron. . For 
materials of less tensile strength than malleable such. as. brass and 
bronze, granite and marble, and leather and wood, it will be found. that. 
carbide of silicon will more, results. than. will an 
aluminous. abrasive; while. for, ;steels in general an an. aluminous,, abrasive 


“BLAKES IN ‘ALLOY STEELS. 


Phe occurr flakes” in “ tender” . nickel steel 
chrome-steels, leading to the rejection of these alloys, was 
one: of the unpleasant SeDerictecrs made the war, especially in the 
United States: Cracks would develop suddenly, without apparent reason, | 
in such steels when under test, and:.could: not. always be cured. by heat. 
treatment... The American, Institute of Engineers, discussed. the 
recently in connection with, pa by..C F. B. Foley,, 

and F. B. Laney, and by. H, S ,Howe . presented’ a 
report. on of. the. Steel the National Research 
Committee. , These papers were noticed Metallurgical, and Chemical. 
Engineering’ of March 1 last, and. a) further instructive communication 
on |the subject. was contributed to the March 15 issue of the same journal 
by Frederico Giolotti, the Italian metallurgist,.who was in New. York at. 


the time. |The: flakes, also| known as:snow-flakes, scabs, ysilver 
streaks, 


commonly . ‘appear bright. — the: 
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efect is brought nally the macrostructure by etching ; radiographs. show: 


white inslicase: lack. of refinement., The flakes.or 


S$ are suppo in the steeb itself; they are ‘not found in 
steel which t are troublesome; in .nickel-steels |which. 
do not weld. his collaborators .consider. that. there, is always 
evidence of over: in flaky. steel, and adduce -a; good ideal. of 
experimental evidence favoring his view ;,the flakes, they say, through 
the ferrite between sorbitic grain ,and ,also through, the. grains 
themselves. Rawdon believes that the represent original 
faces which formed during the soliiain of me inhomogeneous alloy 
steel; the rupture would take place in | the sitege gue to the 
different expansion coefficients of the esos pe Howe inclines 
to the latter view. Flakes, he points out, also steel which 
has not been heated prvi 900 degrees C., and ‘are not characteris c of 
the zones which were hottest in the ingot. They vanish i in some steels, as 
the nickel ‘percentage is reduced, ‘he admits, whilst they increase in alloy 

steel’ which ‘has’ ‘been ‘killed''in ‘the furnace. “ ‘Tender steel should 
= be humored and so cast that excessive cooling be, avoided, using 
. round! molds, ‘stripping as soon as tlie walls’ are’ strong ‘and’ cooling by 
burying-in ashes. ‘This’ treatment would ténd to ‘favor déndritic structure, 
it would: lessen: the flaking. In’ their résumé Howe and Rawdon’ agree 
that flakes om a0 in' the ingots of tender alloys as intercrystalline' shrink- 


age vafe proba intensified by’ inclusions 


i would accept this.conclusion; he: would say’ that’ the flakes origi- 
natein tender alloys as intercrystalline cracks;,* but’ he’ does ‘not believe 
that they.are: formed in the ingot. ‘He remarks that ‘the Ansaldo Com~ 
pany, with which he is connected, made 10,000 guns for ‘the Italian’ Army, 
and ‘had. .no,,rejection) on. ‘account: of: flakes, gh’ they were troubled 
with them. His chief point is: to prevent flaking, keep» not ‘only ‘sulphur 
and phosphorus as low as. possible, but avoid all iron’ oxide, use 
rusty turnings or borings, and: fuse ina reducing atmosphere ‘under a’ 
thin, covering. of silica, slag. ; , He. adds ithe. ferrochrome: 20 minutes’ before 
pouring (hardly. any, chrome. mould ‘im good .practicego into: the slag): 
and pours hot = cools in the air—contraty:ito’ Howe; ‘he: has» not 
directions, of. the, flakes in molds ‘of various 

owe 
undetectable iron, oxide through the, 
metallic inclusions are surrounded: by .decarbonized zones he by. 
the presence of both co and COs in ‘he steel (dissolved, not. in. cavities) ;. 
the equilibrium: 3Fe +, COs is shifted to: the: left by 
oxidizing Slag so. that a zone of decarbonized iron’ is’ produced; 
saturated with CO,; There: is ‘no internal scrack, however; ' neil the! 


‘THE TONNAGE OF MODERN 


Be 


The, main, object of. this paper. in tb) focus on the ‘effect: of 


ecent legislation and modern machinery on tonnage measurements 
on. the basis of. measurement! are also::mades 
Basis, of .Measurement.—lt.will not: be out:of place: to: on 
brings ciple. underlying: the whole, question), especially as»it:is:thought by many’ 
present; method. i is not only between ship’ 
The is. quite unsuitable / 

val Architects, ’ 


‘the istithtion of Naval 


e ascribes the trouble to the iffusion 
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side ofsthe: | been dealt with: by Mr: ER: 


ined that whatever basis is an 


Johnson 
his book on’ Measurement of Vessels ‘for ‘the Panama Canal.” | He { 
several bases that'havé been’ proposed for tonnage measurement, and 
siders ‘them’ a général’ way “in ‘Coming to ‘the condlusion that’ the. only 
fair’ arid ‘practicable method ‘is ‘the: present’ One’ ‘of assessing’ the. catting 
spaces inthe ship. The measurement of vessels’ for the Panama Canal. As, 


y that tinder ‘the’ Suez vat ‘Ruiles, ch is the. 


proposed’ bases are’ as tq Ww toate 
isplacement, 


off! 

Toss dwei is Sbyiously an, unfair, method, .as, it takes,no. act: 

weight. 

go, ‘would be. very. difficult. if not impracticable: 

and, to ou id. vary under, diferent, conditions, requiring 

repeated ‘measurement, same objection as to. passengers ‘applies as in’ 


5,,., Further, ships, carrying, no cargo: would: have’ no: tonnage,’ ili 


placement tonnage ;would;appear to bei fairer than! the foregoi 
is;made: up:of the light weight! of the ship and the gross a 
former is: heavier. in a passenger ‘ship than'in a cargo’ 
of, the same, length for many reasons ;):among' these are: ‘greeter ‘super’ 
structure .and heavier machinery. In: addition, large quaitttities ‘of fresh’ 
water, stores, baggage, &c.; must’ be carried for the passengers: This’ 
excess. weight gives:aimeasuré of the passengers carried: 
8, Axgreat of sdisplacement tonnage “would be it easily’ 
measured, and:a certified displacement scale: would ‘be carried“by ‘the sh 
The’ tonnage: ‘on ‘this: basis would ‘also vary ‘with the loading of the’ sh 
and;'so ‘be more comménsurate ‘with her’ earnitig capacity and. the services 
to her for which dues‘are levied; 


Block displacement, tonhage is similar’ t6 displacement ‘bat is 
Basti on: vessels of fine form. 

-'20. It-would' be impossible by bin sys testi take ani ‘accurate | measur re of. 
the value of the cargo and the from: ‘passengers, even if this 
a proper basis for tonnage’ dues, whichis doubtful. It’ would be. 
impossible! to ‘measure! properly the actual-service’ performed by any 
canal, &c., to.a,particular ship. .Any: basis ‘must be ‘somewha 
but, the existing. method: does, or, ati least could): ‘be made to: give ‘true: 
measure of the earning: Spaces’ in..ashipi'- 
11. _ I gives particulars of -various nes. showing how the ak 
compa PAY, 

12. ‘Table is evident that no two give 
results, but it shows that there might be some justification for a displace- 
ment basis or a block displacement basis. 

13, International, Tonnage—Although the principle’ of ‘measuring the 
actual earning, spaces: of: aship‘is adopted’ in all maritime ‘countries, there 
‘are many variations in details ship very different 
tonnages‘under different rules. ‘Gross tonhages do ‘not vary greatly except 
on, account of the exemption for *shelter-deck ‘and ‘certain superstrticture 
spaces: as allowed: under’ ‘British rules. This ‘causes’ very different values, 
for iinstarice, between Anierican and’ British measurements: One éxample’ 
is as an illustration. A British with, shelter-deck. spaces 


tréatment,'and it must be ‘recogn lomaties’ 
Sip 
ai 
| . q 
| 
| 
t § 
- 
| 
I 
‘ 
mee 
4 
F 


- exempt,,has a gross tonnage of 4,435, whereas under American rules it is 
a” 5,470, an, inerease of 23 per cent. The German rules make the same allow- 
ance .ag;the ‘British’ It is often: maintained that there is no justification 


+ 


the ft hohe ‘ 
ders 

an 


ee 


for’ the: “the, shelter “tween-deck spaces. ‘of 
the Atnerican, Suez and’ Patiama’ Canal’ do tid ize 

S ship as in paragraph 13, her tonnages are as follows: ree 


| 
\ 
‘ 
( 
; 
: ; ‘ 


Net “Tonnage over 
British. 
2808. 


15. Table IL ‘eked tage ‘tie book by “Mr. already to, 
nee how. ‘greatly the deduction for net tonnage varies. under different 

16. The disadvantages: cof. varying. tales are‘to'some extent overcome 
by agreements ‘between countries to: take one another's ‘figures, but in 
many cases additions “are. made, especially where the tonnage is much 
less oem it would be if ‘measured by the country: collecting the dues. ‘ 
_ , 1%. The International ‘Tonnage Commission, which met at Constantinople 
in 1873, drafted rules for the Suez Canal ' / Company which it expected 

would have: been adopted internationally. 

18. The chief: causes ‘variation ‘in’ ‘gross tonnage’ are. the exemption 
of shelter-deck and superstructure spaces; while the particular rule adopted 
for propelling: space deduction has most:effect on the net tonnage. There 
are, however, other differences which cannot be justified. 

19. pe heed oe Fat should be instituted, and, if taken up in the 


would not be difficult to bring “about, especially from ja 
standpoint, 

20. Tonnage ‘Freeboard—The- ‘existing Tables of Freeboard take 
account of the cog of the vessel by using the tonnage coefficient. It is 


stated in “the tables that this coefficient bears a constant relation to the 
whole external volume of the ship below the upper surface ofthe deck 
‘divided by the product of X breadth < depth. This tonnage 
coefficient. was adopted in the’ ‘Tables ‘of to make the tables 
easily and di ly. applicable. in. cases where a- displacement scale for a 
vessel is hot at hand. In practice, for new ships, the tonnage coefficient 
is deduced. from the displacement coefficient which is the ‘only thing known 
in the design stage, so that the method adopted by the Committee on Load 
Lines in their ‘report issued in'1916..(where they use’the molded displace- 
ment coefficient at’ a. ‘draught: which is 85 per cent of the molded depth to 
the. freeboard deck), is much simpler, and will be welcomed when the 
report referred to becomes law, as:it is understood will be the cas 

21, There are’also minor obj ections to the use of the tonnage cient 
for determining freeboard: ’ In ‘the fitst place, there is a good deal of 
work involved in correcting the tonnage coefficient for the standard sheer 
and round of beam, and also“for the type of bottom construction adopted. 

22. Further,. this tonnage coefficient. to take account of the 
fineness of the ship upto the freeboard , The freeboard deck may, 
or may not, be. the tonnage deck, and. position: of the tonnage deck 
will depend-on ‘the number of complete decks carried;: it being the second 
complete deck “from the bottom, ware will, accordingly, be a small 
variation in freeboafd with the number of complete decks Ciieied which 
should not be the case. 

23. Tonnage and Subdivision. .—The exemption of ‘shelter "tween-deck 
and other superstructure ‘Spaces has been referred to in paragraph 13. It 
is doubtful, in passenger ships, owing to the present subdivision rules, 
whether it would be possible to exempt ee, Mees spaces: 

24. To. be. exempt from tonnage, a shelter *tween-deck, a ton- 
nage .opening, openings in the. transver se.. bulkheads, eae 
chargi deck under, the; that ay: the 
upper : 


it 
j 
‘ 
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25. The fr of such vessels b the load draught only a little 
below the deck!’ “If: ‘the tipper deck ig’ ‘retained ‘as'the ‘bulkhead deck 
it generally becomes necessary ,to.put,.in.s0 many, bulkheads to meet the 
subdivision requirements as_to-make the impracticable, The alterna- 
tive is to carry..the; watertight ‘bulkheads up to the shelter deck. The 
necessary tonnage ‘openings“in thesebulkheads cannot then be fitted, and 
the scuppers in the upper-deckmust-also-be-omitted.—-This matter was 
discussed in detail. by the:author, in.a paper read before:this Institution in 
1916 on “Some Effects of the Bulkhead Committée’s Rules’: Practice.” 

26. The inclusion of the pe in the 


gross, < in formas be of the of 

t may be, however, that propelling space may ‘not be large € 

to be over 13 per cent! of the’ gross, when the increase tonnage 
subdivision rules. 

27. One other case of a similar nature may be briefly mentioned, 
occurs mainly with home trade passenger and.cargo Steamers of the 
island type. To subdivide adequately, such vessels it’ will he necessary 

fill in one or both: of the ‘wells, making the. vessel flush: deck forward 
_ throughout. This adds to ‘the tonnage, and although the wells are used 
carry cargo on are not always . included: in the t 
measurement, An example.of this is given in the peered to in 

25, and the increase of net tonnage Bat be 


for the propér: working of the 
r cent ‘and under. re cent of the 


and "especially 
with prope 
than 13 per cent of 
the gross tonnagé, 
30. The resultcis Eidasbderable increase in net t 
proportion with increase 


example: 
Ship Machinery.’ 


space coal-fired 
Q.E. reciprocating 


Deduction on account of propelling: per 


Total deductions 


tax 


i 
| 
space a pr provides that when the: tonnage of the 
4 space solely occupied by, and necess 
boilers and is:above 13) 
gross tonnage, the deduction shall 
tonnage. If the space does:not lie:between- le deduction 1S i 
29. This rule-was adopted in~1854; when tank~ boilers and- reciprocati 
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otat (nations) 34,680,027: | 21,118,008 
Suez Canal oe «>| 28,064,901 | 3 
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pitty 2 edt 
aq 
dacton turbines 
“turbo-electrie engines 
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Gross (as before) 20,000 
or. crew, Ces, Say,.as 
lfing, with oil fired d. water- 
dling space, 10 per; cent,» 
rel 19 dw no bas satis 4 
propelling “space, with’ old, type of machinery may ‘beso 
little ove 13, per, cént,of, the gross, that; the. substitution: 
geare “turbines fp reciprocating engines, and retain: 
ithe coal-fir indrical. decreases, the \engine-room, space. and 


ar gi 

fore. | lose. money by, paying as, well, 
a: home, or delib making ily large,,machinery 
and, air, spaces $0 cargo. passenger 


intended 


may ;not, be. successfu of. Trade 
to, ref to | in the meauremest alt. ds, oP 
purpose, 
cours: same. ain: in ca 


n case 2, TIT, the gain in cargo space 
is.6. per increase in, e per cent. anneal 
13 to. ‘provide comfort, fon: those. 
the 32, percent, reduction was 
or. does, not appear ,be, any. 
for :and. in. | . its, incidence. in 
INES, some, sai 
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ships. with ‘propelling. spaces not; 
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STANDARDIZATION OF MARINE BOILERS. 

The movement first initiatéd ‘on the North-East Coast towards’ the 
standardization of ‘marine engines, boilers and ‘accessories ‘led ' ultimately 
to the formation’ of'‘a ‘National Committee, to which was. delegated the 
. duty of considering the question ‘in all its bearings. The committeé, which 
is composed of members appointed by the Institution of Naval Architects, 
North-East Coast Institution of Engineers and Shipbuilders, Institution 
of Shipbuilders and Engineers in Scotland, Liverpoot Engineering Society, 
Institute of Marine Engineers, and on which Lloyd’s Register, the British 
Corporation, the Bureau Veritas, thé Board'‘of ‘Trade, ‘the w and 
Belfast districts, as well as steel manufacturers, are represented, has been 
at work for some time past. Mr. A. E. Seaton has been chairman, and 

Mr. J. T. Milton has acted as vice-chairman. oe 
_ The first subject which it was decided to investigate is that of. marine 
boilers and ‘accessories, and a report has now been prepared which deals 
with main boilers of the cylindrical type, auxiliary and special boilers, and 
with steam feed and other pipes subject to internal pressure. The opinion 
is expressed ‘that at ‘present it would serve no useful end to attempt a 
standardization of boiler design. The committee thinks, however,’ that 
standardization should be at once. carried out in respect of the various 
component parts, whereby economy in their manufacture might be affected 
without placing restriction on general design. Special consideration has 
been given to the practice of the’ British Admiralty and ‘the Naval and 
Mercantile Authorities which control boiler construction in foriegn coun-. 
tries. The committee ‘has gathered a ‘considerable amount ‘of: valuable 
evidence sesppcting ‘the behavior of boilers of the type reported upon 
when working under service conditions, and has’ ascertained which parts 
are most liable to give rise to’ trouble. ‘It has had some experiments 
carried out with a view to elucidating some points on which’ sufficient 
evidence was not forthcoming, and is having further experiments made 
‘with the same’ object, so that the evidence on ‘which conclusions’ are 
The committee is convinced that basic’ opéi-hearth steel as now pro- 
duced may be used with advantage in the construction of any part of a | 
marine boiler, the tésts and conditions imposed being the same as those ot 
acid opeti-hearth steel. It ‘considers that ‘in''a general way the standar 
28-32 tons tetisile’ steel should be used for the cylindrical shell plates and 
long stays; and, if required, ‘steel having an ‘ultimate ‘tensile ‘strength of 
5 tons may be used, but beyond 35 tots it’ shall be a matter of arrange- 
thent with the classifyin authority, the owners and builders. 
The committee is of the op 


ypinion that the steel how supplied for boilers 
‘so good and reliable, and that’ boiler design and’ methods of manufacture 
are so much improved, ‘that they command much more confidence than 
formerly obtained: It ‘finds also that’ boilers made’ for the Mercantile 
Marine in’ accordance with ‘the rules of Lloyd’s Register, and thatthe — 
cylindrical boilers made under Admiralty rules, which permit’ even fighter 
scantlings than do Lloyd’s, have proved by many ‘yeats’ experience to be 
safe and reliable. It, therefore; has' come to the conclusion that, the shell 
plates need be no thicker than tequited by the rules of Lioyd’s Register, 
and so have made the formula for thickness of cylindrical plates'‘on this 
hypothesis, Seeing that ‘all ‘boilers are now’ made entirely of ‘tested 
material from designs madé in accordance with peproved rules for thei 
safety, and under inspection during’ constrtiction, there is no need’ ‘to. t 
m by hydraulic pressure to the extent that was formerly necessary. 
of ‘the most important points which’ are raised! in report, and 
on which the committee is’ at variance ‘with the ‘authorities, ’a ne 
hydraulic test pressure, and the factor of ‘safety for shell plates. ~ 
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engineers are’ aware!’ ‘that while’ the ‘hhydratitic ‘test ‘calls 
for a margin ‘of 90 ‘poutids ‘over the ‘working pressure, the “Board of 
Trade thas insisted ‘on ‘this test being’ made at double the working’ pres- 
sre. The variations’ in ‘this are’ indeed somewhat ’remarkabl 
the French authorities ‘tequiring the Germans 75' pounds 
71 ids in excess of the pressure for testing 
The differences in practice may be illustrated in another way. ‘A 
orth-East Coast’ standard boiler for a cargo vessel which is designed to 
work at’ 180'pounds pressure ‘must ‘pass aBoard of Trade’ survey ‘at 300 
pounds pressure, whereas a French’ boiler would be tested at 265 ‘pounds, © 
a German-made boiler at 255 pounds and one made’ by ‘an Italian’ firm 
251 pounds; An ‘Admiralty transport ‘boiler would ‘have’ to undergo'a 
test of 270 pounds. In the’ case of the’ shellplates' a boiler''17 feet in 
diameter, having plates 1 inch thickness, would be passed the British 
Admiralty for 190 pounds working tok, Lloyd’s for only 154 
pounds, and by the %-pounds. It was the 
existence of thes€ anomalies that led t tee to draw up a new 
rule for boiler-shell plateg. . Under this rues a which is to work at 
157 pounds pressure will : be tested at 285. aera pressure, as 
- compared with fd pounds pressure, which is the existing requirement 
‘of the Board of Trade and the Admiralty, although the former 
would only allow 140 pounds working pressure. The action taken by the 
committee is based on the belief that every useful purpose will be served 
if the hydraulic test to twice the working pressure is limited to boilers, 
~ the bits pressure which does not ened 100 pounds per square inch, 
and, that for. higher it will be sufficient if the test 
pressure is 50 pounds working-pressure. This 
will mean that; the tah at Tas Hide ic test ‘vill be less on the scantlings 


of the fact manufacturers of should be 


expressed in 32nds of an inch, rules involving thicknesses- plates have 
been based on that condition. 4 


© 
‘After consultation with tube makeri. the committee has drafted a speci- 
fication which will be worked to by it in future. This step is necessary, 


as no test conditions have.hitherto-been laid-down for the smoke tubes 
of boilers or the® Stay tubes.—“ The 


than was the havinig a safety of 4.5. In view 
pcefed that 
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THE ‘FULLERPHONE, 


“Major Fuller read ia paper: the Institution 
of Eletérical; in which’ te idescribed: the Pullerphone ‘and its 
early: ‘period: ‘war it was explained, 
that «system of telegraphy; using the telephone receiver, which 


| 
| | 
On August 25th lapsed since 
the death of James. the event in 4 
a a fitting manner. provisional scheme has been drawn up and will be 
submitted for consideration at a meeting in the Council House, Birming- 
ham, at 2.30 P. M, on. Thursday. May, 8th. This scheme provides 
for a celebration with a banquet and. addresses, on August 25th, the 
endowment of a James Watt Chair in Birmingham University, and the . 
| erection of a James Watt Mémorial Building, which would serve as a Yq 
— museum of Watt, Murdock and Boulton relics and a meeting place for 
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system), had. _Shown,, itself admirably .suited,ito in - 
possessed certain, very serious sof: which the 
Were, of the, most, important :; (a) Such 
sim lar. currents; in,-other., lines in;their. proximity ; hence, -the 
one, route. was strictly limited, owing to the 
Owing to the’ vibratory character of the curr 
he ‘length .of, over. W the vibrator can ,be used: is) strictly limi 
their. capacity: (¢). By use of apparatus,.these vibrating 
signals can, be. read at. immense. distances from. -the and. hence'-any 
sages be overheard, by listening sets. . (¢):The use of; 
i any area effectually,.jams, in, that area friendly, listening. sets whi 
‘otherwise overhear enemy messages. i Ananifestly 
} heresa sd blow. oar 


Stated mm vd 


US 


an? eit r: 


“In to! Produce more’ he ‘yibrato tory, System, 
it necessary retain’ as oin at the same, time 
Solution ‘a ed’ to prov re) line r rrent,, 3 
the same time converting the energy thus transmitted into vibrating” ‘or 
pulsating current at the distant end—and further, such vibrating or pul- | 
sating currents had essentially \to/‘be iclosély icotifined to the distant end 
and prevented from surging back along the line. These ideas are em- 
bodied: in| the :reeeiving, and; sending Figk!1 and/2." 
Ki, ers, each 6f Hy>C Hs are: choke ‘toils 
of large impedance, each about 24 henties! and '750 resistance. 
ris oan -vibrating’ interrupter’: fitted! with two 
eontacts,, one: of, which: is used: to drive :it,| the other to :interrupt:'; The 
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chopper be adjusted’ to ‘any’ frequency ‘between 300 “and 
700. if a steady electromotive force is’ applied ‘between ‘the né"and 
earth; Fig) 1, is closed at X;‘a ‘steady ‘current’ will flow’ 
through ‘the! choke coils, contact/'2, and: the: receiver.If the circtiit'is’ 
broken at::X, the current‘ carinot' flow’ through the’ receiver, ‘but will’ flow® 

into’ and charge ‘the circuit! is again ‘closed ‘at 
the’ condensers ‘partially discharge through ‘the réceiver 

When the interrupter»! is working’ we ‘therefore get’ 
current in thect eiver, giving audible note, while, if the 

- choke coils and condensers are suitable, the line current alternately flows 
through the receiver and into the emains practically 
constant and continuous in the line. The pe hat the dots and 
dashes sent by the single-current Morse key at thé far/end are received 
as short or long notes in the telephone receiver, at‘the iving end, while 
the current e line is of ach the-same (nature as that sent by an 
ordinary single-cufrent-Morse’ set, extept that |it ig very much smaller, as 
readable siggals ¢anjbesobtainéd with.about micto-ampére. In prac- 
tice a main hattery of one dry used?| 
The arrangemen | cojls, and cond@hsérs not only prevents 
any appreciable variatiofi-in thes line .current, prevents any vibrat- 
a buzzer on*the;line, or fr a te phon rom parting rough 
operator’s head telephones. + 
When the sending battery is in Fig. 2, the current 
can only riséin the line comparativel slowly, owi to the effect of the 
. on of the choke coils. The 
object of thes retardation of the ris¢ of current is to:prévent clicks bein 
heard in a telephone receiver inserted in the line. “This has a twofol 
' object: (a) To € possibility of Morsé méssages being read fr 
these clicks ;_(b) ‘to prevent the clicks interfering with telephony carri 
\ . on over the fine simultaneously wit ors 
It is apparent telephone-canh ‘be-added tlie-same line without 
any interferénce between the Fullerphone ‘and the *tdephone as far as 
speech is comterned. Fig. 3 shows how the: Fullerphone may be—and is, 
. in fact—supétposed over telephone pairs. 236 

The interripter buzzer is used for calling with the Féllerphone, and for 
this purposecits. ordinary battery is reinforced by two. additional cells, 
making three in all. This call is considérably lotider:than the Fuller- 
phone signal§: if the line is comparatively: short-afid-int yeasériable condi- 
tion, but if line is of very high registamee-or \capacity the Fullerphone 
signals will louder than the buzzes--signals.' iit must be remembered 
that the buzzing ¢all has all the disadga Sof the buzzer, and conse- 
quently must:never be used near the) front ‘lite /for sending any call or 
signal which it is important that the enemyshoyld not overhear. 

The authof then proceeded to disengs:the-effect of earth and leakage 
currents of the: working of the instrument, Such disturbances may be 
eliminated by“means of a potentiometer,( whi connected in series in the 
line and impresses a portion of the electromotive force of the cell on the 
line. If the eleéttomotive force impressed on the line is equal and o 
site to that producing the earth current, the earth ‘current and its dis- 
turbances are eliminated. Fig. 4 shows the circuits of the latest pattern. 
Army field set. This instrument provides for telegraphy and telephony 
either independently’ or simultaneously’ ‘on thé oe’ line’ without further 
apparatus,' ‘When! the’ réceiving ‘buzzer ‘isnot ‘working ‘buzzing. calf’ 

_ from) a distant: station is’ heard both ‘in’ the “head teceiver's’ and ‘in \the 
hand set, or, if the: hand set: is ‘not’ plugged ‘ia, only’ in’ the head receivers.’ 
“When “Fullerphoning” ‘the Morse signals’ are ‘lieard in the*head receivers’ 
only, When ‘speaking “and ‘telegraphing ‘speech “is ‘heard inthe hahd* 
set and the Morse signals in the head. receivers. 


capacity. of the condénsers and the self i 
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Major. Fuller. than described. a, of 'tests' which: were’ carried out 
before the system, was adopted for the, Army, »Fig.'5.is a reproduction: 
of oscillograms made by the Research Department’ of the G. 
Curyes A and. B are to,the same scale and taken under normal conditions, 
and show that the; intermittent currents) in the receiver are considerably: 
Fie in magnitude than. the line current due 'to their short duration. 

normal variation in. the. line current: is, 


and. summoned up. the present position, as. follows: For military work: 

Fu as. practically superseded. vibrating system formerly: 
employed. It, is now being tried for. working long lines! in back areas, 
where. it almost certainly.replace all. hand-worked, Morse \sounder’ 
sets,..; It appears, .therefore,., far as line | telegraphy 


79 


q 
| 
i { ? = 4 
ltive otf Ht 79 ‘ 
{ 
¢. 
: 


NOTES, 535 


the Ful system will be:used 
at any rate—for those lines normally working, 
For civilian use one cannot expect sounder sets that are established and 
giving satisfaction over veil consented routes to, be discarded; in. favor 
~ of Fullerphones; but it is expected that the advantages to be derived from 
new will lead to its in countries nek already thor- 
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Current’ in Receiver (Normal voltage 


Gurrent in tine using ex 


oughly developed from a telegraphic standpoint. opening should also 
arise in countries where are considerable, 
and it is probably not too much to say that the system described. would 
give Satisfaction wherever difficulties ir rom any cause render Morse sounder ~ 
working precarious. ' For cable work the author feels that. an investiga-. 

tion of’ the possibilities of a system combining Fullerp one, amplifiers, 
special existing relays, and devices, would Prove 
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20 CAUSES! OF. ‘CORROSION ‘OR’ 
2081 ON’ OF’ PROPELLERS* 


By Pinions, K KeB, ‘ERS. ann’ 


“The corrosion or: erosiomof propellerg has many years engaged the 
“Shipbuilders, d the capricieus character of the 

It to assign an adequaté-and satisfactory cause 

to account for the: obs€r¥ed results. ?At th eStion of Professor | 
i eard-of Invention and 

ct. Those serving 

on this committee were . S. W. “#1. Carpenter, S. S. 
Cook, J. H. Gibson, Eng i ir Geor; i 

Charles A. Parsons, witht Engineer-Co 

as secretaries. The Adthiralty supplied data in theirgpossession on this 
subject, and information} was also collegted available sources. 


ssible eguses“of corrosion or ¢rosion considéred may be stated 
under five headifigs: 4) ,,Phe nature off the surface-of the metal and the 
state of the initial strésstom this surface; (2) stresses: in the blades under 
working conditions ; (3)j i f water at: high-velocity on the 
surface of the d 


was made the 
account of the 


(1) NATURE OF OF THE MET AND STATE STRESS IN 


The machinit erbsion of the 
propeller blades 4 inati tthe material of a 
propeller blade i ied put by: Professor 
Carpenter, showed rence in metal except thin film of 
scale, &c., on the surface bout one-thowsandth part-of an inch in thick- 
ness, Nevertheléjs, there ad this scale before 
the propeller is put into. 

Large propeller: blades ; 
well while cooliag 


in the metal as cast are obli 
One firm had made-a practice of hammering or p SS the driving 
faces of blades after machining, with a view>to closing-1jp minute openings 
that might lead t© sub-serface cavities, but the advantages, if any, are . 
id metal surface is 
rrosion. mprehensive: examination was 
ry ese: ce ter of ae! e er lades of a fast 
cruiser. It failed to: sh y connect 3 between ‘structure of the 


ou otessor er a 


2 a 
INVESTIGATIONS 
e closing up of: vortex: cavities, Of these possiple causes in turn 
of jnvestigationy and the following is a general 
} 
q 
asting stresses dfe removed from the metal; (2) inhomogeneities present ; 
| 


of the: itichtes thiick, which: wore perfectly fit in the unstrained! 


‘about the? middle ‘tine in’ sea water: The iwhole: the the imetah ‘ity this: 
appatatus eonsisted of ‘mahganese-brofize of the same!composition, so that» 
all disturbing effects whith might be caused: by: eléctrolytic: action: between: 
different metals were eliminated. The sea water used was obtained from 
thé ‘CHanriel ‘Dover. “Phe concentration 6f the water was kept’ constant) 
made with cast manganese-bronze and with rolled manganese-bronze, 
dia ‘not show in either’ case’ that a’ st 'stréss’ throughout: the: 
caused atty ‘acceleration: the tate Of cortosion of thie’ 
in sea 2208 
of stresses bevout elastic ‘fimit' the test’ plates were” 
the apparatus'a bent intd’4 by 
in a vice, and the in by a steel nut’and bolt 
lated from the metal. They were in sea water, 
ends o f 


.- entire gripping arrangement an the strip, for a distance o 
1%: inches ‘being: covered with paraffin, which, protected, them from, contact 


with: (The. sea water) from time to and 
the experiment’ icontinued. for’ one month. . It ‘was, found that no 

took place: in either test,,even at; the position. where. the, 
would \be a maximum ; in other words, that, steady. stress, well above. 
elastic limit, applied! both in. tension: and, compression; does: not. appear to; 
cause’ any acceleration of ‘the rate of, ¢orrosion in sea, water. 

‘For, alternating: stresses); the test piece consisted of .a strip. of, 
3/ inches; ‘wide, 10! long..atid thick... This test. piece, was: 
endwise in''a tank of -the, same metal, fixed, to a, 

onary clamp, ‘attached one: end’ of, the ithe 


met 


was) kept ati sixty per minute, ; the total. 
being found to. be; the largest: stroke, which could. be employed 


fracture. of; the specimen: after a, few -oscillations, In tests: 
ried out with thisiapparatus using \specimeris/ of rolled 
bronze and. cast .manganese-bronze,; and. lasting, over. period varying from 
167 hours to: 358,-hours,, one alloy commonly, for 
found to be dlmost-free from any. corrosive action, whilst a second 
only a:very slight 4 se in the rate of {corrosion in- 
alternating stress, and ;quite insufficient to, for 
some, of the propellers, which were examined, by, the commi 
Experiments, were also made at.the Turbinia. Works, 
showed that thé. alloys:commonly’ used: for propellers. 
steady; stress, varying from:; 13,500, pounds ;per squate inch in. 
the same value in compression, showed. no, increase: in, corrosion, due! to: 
stress, when: subjected}.in addition, the. action of, a, diverging. jet; 0 
sea water, the apparatus described: -below—-the. specimen en being,.2 
placed: centrally in the diverging passage, whilst vital. of 
Jet was: sufficient td cause 
These. experiments, ‘therefore, gave: wvaloable. tive. “results, since 
réquently observed: bending. of the: tips, of lades had. been. thong 
that stress wig: an-important: factor. nd were} m: 
‘the con-, 


independ 
the:wotfing, stresses oma propeller: blade, 
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ently; by, of the 


{ 
ik 
| 
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; ter the tank: was. so. adjusted, that only, half the | 

Was immersed, thus allowing arty: acceleration-of the corrosion. at. i 

| 
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NOTES« 
clusion that these stresses did notinormally reach excessively high values. 
In the bok instatice, a propellers a cruiser, maximum. 
estimate stress was from 9,000. pow to, 10,000. pounds per..square, 
inch, and: this only. at ‘thei root of the blade. and far. removed from the. 
place of corrosion. An estimate iof; the! position. of. center. pressure 
furnished -by the | National Physical; Laboratory: from. their, experimental 
data! of aerofoils did not indicate, that. any high. were to 
arise irneguler: distribution: of oni 
(s) oF wari ar ow ‘SUREACE or THE 
‘BLADE. sft} MLS 
Several experiments. were 1 pate with jets of ‘aes, of pressures: up p to 
pounds per square inch, wie of various brass alloys, ineludi 
water impinging both eartice’ and 


ments was small, 


were out at the Turbinia Works, ‘Wall. 
send, ‘with jets ‘having diverging “mouthpieces, supplied) with: sea water’ 
under sure by a centrifugal’ pump, "and discharging into*a: tank at: 
atmospheric pressure: The velocity of the water was more than. sufficient 
_ Su8taina' vacuum ‘and rupture’ of the water at: ‘the throat,(in: virtue of: 
the diffuser action of the’ diverging’ mouthpieces. ‘Under’ these ‘conditions 
took place: A rod’ of’ the material to be tested, after being: 
ghly polished, was placed along the axis of the jet and: there: ‘expose 
to the°action of the cavitating’ stream. ‘The diagrams! show the jets with 
the rods’ in the ‘positions in which were tested. The seawater was 
obtained from the North Sea, 3 to 4) ‘miles E.N.E. ‘of of the: 
river ‘Tyne, at flowing tide. 
“In @ secorid series. of these’ out ‘the 
of verifying’ the preliminary ‘conclusions’ and of testing the’ effects under: 
these same conditions of the additional circumstances of: stress;:(2): 
the injection’ of the gases’ oxygen’ and’ CO; into’ the stream; and 
one a ‘larger nozzle'‘was' employed,’ and: a' more! powerful pump ‘to’ 
higher jet velocities: nozzle was’ formed’ by’ two ‘shaped: slabs’ 
brass fitted between parallel: walls of glass, It was thus of 
section,’ 1 inch | square’ at the ‘throat, increasing ‘tos ¥ inch’ by 414! 
inches at the "discharge. The rads° ‘were either inch or inchi 
square. The’ speed of the‘water was in’ all cases in the neighborhood: of 
90 feet per secorid, and’ under this condition’ cavitation red ‘at the 
and extended for’ inches’ of ‘more beyond 
In all, twenty-four’ different rods “were ‘submitted ‘to: 
of these was of brass; ‘one’ of Monel metal, two of copper, ‘fourteen 
of rolled ‘manganese-bronze, six: of cast: bronze—five’ of: 
these were’ made from’ strips‘eut from ‘propeller intone case froma 
blade whose working face was deeply ni os 
‘The gerteral character ‘of '‘the action on these as. jfeveated by the 
mi¢foscope, may be ‘descfibed’ as an etching of the surfac ‘varying in 
degree, Ghd Motel andthe brisevods wotiod 
very slight. In general, on the rods'‘of ‘manganese-bronze, there ‘was. 
ificipient' ‘etching near’ the’ entry,’ increasing ‘in’ depth. towards) the throat 
where the’ velocity was ‘greatest. In‘some’ cases‘it ‘continued deep ‘to the 
end of the rods)’ in Other’ cases it "gradually diminished -from the’ 
throat onwards. In the incipient etching ' the ‘chemical ‘action: ‘by: the ‘salt’ 
water had just . revealed the crystal structure: The rods were; 


Be 


; scale of these experi- 
j 
q 


polished so thatthe actin was precisely similar the 
imen acid for ‘éxamination for microstructure.’ ‘In 
the material between the tee an and some- 


conelusion was that ° 

depended chiefly upon the duration of 'the experiment’ and the velocity 
of the: water, and -was fot‘ seriously influenced ‘by ‘liberation of ‘gas, by 
stress, or by annealing; also that the effect observed did not exactly 
resemble’ -inveharacter or itt intensity the observed’ action’ on ‘a‘pro- 
eller blade. Such action as was ‘found appeared not to be attributable 
in any substantial degree to the cavitation, so that if, as was generally 
suspected, the erosion of ‘propellers is associated with cavitation, ‘some 
other ‘and more intense form of cavitation must. ‘be sought which was ‘not 


rapid and deep ero erosion of propeller. blades. and the denting 
the bosses, notably on the after propellers of: the. Cobra.in 1902, and on the 
after, propellers |.of fast eruisers,. well .as;: instances undoubted 

deformation of. metal by water hammer water. syrens, air pumps 
water pumps, led the committee to desire.a theoretical and . 
vestigation as to the possible pressures. that might be. produced b ‘the 
closing ge of vortex cavities. The calculations which were mi 
Mr. S..S. Cook, showed that-very large pressures might: be generated when 
vortex cavities are, caused, suddenly; to, collapse by; the: final. concentration 
of. the initial energy. upon a.small volume of the fluid. The. supposition 
is | mene, t a,certain portion .of fluid occupying, say, a sphere 
ius is suddenly gnnihilated,,or, what\is the same thing, a rigid 
won  ounda to. the fluid enclosing a yacuous space is suddenly removed, 
problem is. to. obtain. the, velocity with which the 
id flows into. the cavity and. the instantaneous: pressure: 
produc 
The calculations: show, that, when. @ spherical, vortex cavity. im. the-sea 
ses, upon..a central nucleus of, one-twentieth the. diameter, of: the 
original cayity, the. instantaneous pressure or blow upon, this. nucleus may 
68.2 tons per square inch, and if diameter.of the nucleus.is ong- 
hundredth of the diameter of the original cavity, the pressure: may. reach 
765 tons per square inch. It alsojis shown, that the pressure on. impact is 
of the ina to the. radi ap thet. very. sta function of the ratio 
initial to. the, final. small cavities: ‘may: 


of, the. instances. of ‘propeller: erosion, ‘shows them not tobe 
inconsistent with such. a, theory. 

the caseof the erosion, on. ‘the blades of the: after! of. 
Cobra, there was also intense: water, hammeron! the bosses, the bronze 
cover plates aver. the.set bolts, attaching the propellers to the; shaft: bei 
in with, fi ree ‘as to take an- impression of ithe numbers | 

the. bolt hea ore similar. was on 

of, some) fas those) parts of. the. propeller 

es, which through’ the wake of the forward propellers. |The 


| 
the deeper etchi ; 
toa greater or less degree in different’ parts. Once the surface of the 
| 
: 
| 
| 
| 


forward, propellers jof.one.of these cruisers which: showed! noosigns| 
¢fosion soon began to, erode, when, transferred to the:inner shafts, indi= 
cating that the erosion was.due to the:position of the:propeller. 

exbaustive -microscopical . examination ‘was; mada 

*rofessor,, Carpenter of the. blade.of)a ¢ruiser’s. propeller, which 
found ,to:be over. nearly. the: entire! surface, and. which: was 
excessively eroded in, three well-defined’ areas. The effects of) water 
hammer action were looked for, but very little evidence: could: be! obtained: 
to) the, similagity, of, structure of metal, and. that 
wate to hammer blows, In:two places, ‘however, eviderice of: ‘some 


analysis, ‘of. ‘the. layers: of ‘the: ‘eroded: 
in, composition, them and. the. body” of ‘the: under- 
mea, etal, and. therefore gave no. evidence of selective corrosion. 
ry of:the action seemed also, to be berne out; by the. variable. positions 
of , of which. were found the, blade tips, ‘mear sthe 
center of surface, at the the: boss;.,but always :in the:same 
places on the blades of the same propeller. The blades in their rotation 
apparently cut the vortices from the forward propellers, or rpm o 
shaft ‘struts, at the ‘same ‘place in turn, which “would account for’ 
similarity of pattern observed. When propeller blades ye omen to, be 
bent, ‘the eating away of ‘the surface ‘is usually foundon ‘the side convex 
to the bend, and the fc might be wows for by the water-hammer 


tation. was known to exist from: the: or’ 
noises, erosion was found all: round the ‘liner and ‘opposite to the Dlade 
tips, where cavities caused by the blades would’ be closed up ‘rapidly. °° 
Also im cases where the blades and ‘hubs of propellers have been working 
in the wake >of forward propellers, they have ‘not only) been ‘rapidly. 
eroded, bat have in some cases’ shown the appearance ‘of ‘having’ ‘been’ 
violently hammered, and near the tips the blades have been bodily’ 
To connect the ideal problem with the actual it remains to ‘form # 
conception of the mannet in which the cavities ¢ollapse ‘in’ the actual: case. 
It would seem that for our conclusions ‘to must imagitie 
discontinuous: action, ‘that! is; that the vacuous spaces are’ being’ ¢on- 
tinually formed: and) collapsed; ' rather: than. that they: disperse ‘along’ the 
as they move away from the place of ‘their ofigin. And’ this 
y be the explanation of the capriciousriess of ‘the phetto “Tn 


case, for instance, such as thatof the Cobra’s where is. 


reason to suppose that the’ after ‘propeller blades cut across wecttiod 
spirals. trailing from the ‘forward ones; we’ have here’ the’ Vety condition 


for such a discontinuous action, and the pressure on the worki of 
the after propeller blades would. qnaterially assist’ the 


SS 


| is any | surtace, ¢.g., at ailing | 0 
q shackle holes through blades, and’ even center-punch marks show ‘the same : 
‘appearing like little:comets,’ of which the center-purich ‘mark ‘forms 
«The 'time element: in’ cases ‘of propeller deterioration: is of interest: “In 
one case, at least,’ the! propellers had renewed after a’three hours’ 
trial. Apparently the action; if itis! going’ to occur, is most’ severe 
4 duting the early life of the! propeller and proceeds more’ slowly’ afterwards. 
This might be accounted for by the ‘erosion’ carrying’ the ‘surface: beyond ‘ 
the region of the nuclei of pressure—as in the’siren experiment, described — 
later.) Rapid erosion has occurred’ on the ‘casings’ of the 
drum Roots blower ‘type, on the delivery sidé; where the vacuous 
spaces would close up by the ingress of the sealing water. Also’ in a 


slight) bttti that: erosion: serious i and: is caused! the: action of 
the -water on the propeller blades,:produced by. davities: closing! up onthe 
surface ofthe blades..' Thisi:action) may’ be :eausedneithet by! cavitation 
of, the :pFopeller ‘itself, generally when the-propdilet 
@ varying wake, or by: the cavities and: vortices formed by) the ‘action of 
other propellers: ahead of it; and:the:erosive action is: generally: aggravated 
upon:a propellers: which works in the wake ofianothér: oie! dover f 
s The;watershammer action is also Jikely ito. be-produced: wwhien ‘violent: and if 
abrupt eddies-are formed in the:water by the. form frame, shaft 
bossing:or “A” brackets, or! when’ the lines.are very: full: dnd: suchas to 
catisean eddying wake. ‘Cavitation ‘will only-produce erosion wheh aecomi: - 
panied oby: conditions which cause the ¢avities:to: collapse: in ‘sucha way 
and in such a position that the energy of collapsé: is ebneentrated, 
rom the.calculations it water hammer 
is independent of the the epen ly upon the ratio 


of .itstontraction;: so that cavities causing ‘the: eresion ‘may be 

‘or. smalls: Ins the, case, the! ao fast reruiser) in: 
the committee ‘at the works. of: Mesbrs. Stoné, whi 
caused the erosion: must: have’ been: large; asthe dents observed An places 


were similar, to those produced: by: using a ‘rourid‘noséd hanime?. In| the 
ease. of a:certain: single-sctew:ship knots: speétl,s whose: stern; dinés 
are full, the erosion-of propeller may! have been caused by the cavities 
formed by the blades: om their: passage: throtigin the! following: wake, |such 
cavities ‘being carried with the blades! and elosed: up, suddenly when: the 
blades entered those stream+lines! of the vesot! swhere the ship’ was: formal, 
wiz: ‘about: 14: per, cent;, gilt Sead 
In the case of twin-screw. the propeller, shouldbe: vas ifar 
as possible from, the after end! of. the consiste with) satis- 
factory: mechanical: conditions) of the support. |, bits 
the case of four-shaft: vessels, the after, in, 
‘tion, -placed ‘as: far: as-possible’ abaft thé leading! propellers, and far 
as: possible cleat of the race! of the leading propellets. 
form of the after edges.of -struts: andi: bossings-out: very: fast 
vessels oshould’ be designed: and placed)iin) reference: to the 
‘of ‘the vessel -with> great care; eaube mininium,/ of) turbulent 
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COMPARISON, .OF N, PR 
Justification for electric hive 2 on ships is that it- “affords 
transmission efficien — practically equal to that obtainable with gears of 
suitable’ speed ‘redtiction; ‘and “that ‘aécomiplishes this’ résult’ by a simpler 
more means. The writer has. given much thought, to this 
blém; ‘both’ with fe té J equiptients and to ‘electtic ‘drive,’ 
ed inany’ exp and’ obtained ‘thuch practiéd! expetience: 
r two ago s Of the opitiion’ that ‘electric wolild’ Hot "be 
tly od. Y ‘Oni’ of hi 
‘Cost Somewliat legs tratisn nission stiidies' of 
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this subject and the development of, improved electrical methods have 
shown that the difference of transmission efficiency is very slight and 
that the-smiall difference: of: ‘cost which ‘will: apply to’a just comparison is 
much more:than justified by many practical advantages accomplished. 
‘Geared turbine: applications to merchant ships have been ‘of kinds: 
first, single-feduction| equipments with relatively low-speed turbines,: and, 
secon duction equipments with: hi speed turbines. The Gen- 
eral Electric Coinipany 1 was the first to produce equipments ‘of the: latter 
type,::which: afford a efficient transmission but admit: the use of a 
very much better and simpler turbine!’ By the introduction of single 
reduction turbine’ equipments, Parsons showed ‘by ‘comparative. tests a 


reduction in steam consumption of about 19 per cent as compared with 
the reciprocating engine. » Four ago I: predicted a further reduc- 
tiomof 14!per cent by the use of high-speed turbines: with: double-reduc- 


ness of this prediction. 


fact in this connection is that in’ recent d 
has abandoned the, single-reduction method, and the ‘new standard English 
ships: are’ being ‘built ‘with double- reduction gearing and high-speed tur- 
bines, “At the same 'time that this change is being carried on on a large 
scale in England, the DeLaval Company and others in this country, with 
the approval of ‘the ‘Emergency Fleet: Corporation, have made the site 
change and. have abandoned double reduction in favor of ‘single r uction, 
| on the ground that the gearing could be made more reliable. An inter- 1 
esting fact im this connection is that the principal troubles: with 
gears have developed ‘the’ low-speed element. 
These facts illustrate the uncertainties of the gear situation and: the 
unfornied state‘of' opinion relating to it. 
‘Machinery which drives a propeller may be: subject to very severe’ shocks 
and periodic vibrations, and .gear troubles have devel on ships in a 
manner which seems erratic and very difficult of classification. ©: © 
| The efficiency of ship gears has also been overestimated. Careful tests 
have indicated that the efficiency of oer? ate in a 2,500-horsepower 
double-rediction equipment, running smoothly and'in good condition, does 
not exceed 94.5 per cent; and) it must be. remembered that. the  equip- 
ment is further handicapped by the presence of a reversing turbine which 
occasions about eight times as much friction resistance as a similar. tur- 
bine moving in the ahead direction.. With high-speed turbines and the © 
most improved electrical apparatus, we can get a transmission efficiency 
of 93.5 per cent on sucha ship, so that it can be a redicted that in 
‘ omy wore in which igh-sp eed turbines are used, the erence of trans- 
efficiency ot one cent. If, on account of gearing » 
conditions, the iuibinerh as to be divided into two or more parts, there is a 
further inere sed" and other com- 


get 


matter which is. important in in’ the. of, geared 
_ electric ship equipments is the  effects.of temperature which. mav arise. 
connection. with the use of, reversing. turbines, perticnlarly where hi 
degrees of superheat are applied. In an electrically-driven tur- 
bine always moves, in the same direction, and never requires, to 
except when operation is entirely discontinued. Thus its service is cauiiva 
lent to that a-turbineon. shore. When a turbine..is operated. im the 
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tone’ the ‘matter of propeller. speed, ‘sitice we cannot have Jess than 
e 
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reverse: direction: the’ friction ‘is ‘at’ least: eight: times as quent 
normal direction. The reversing elements of our 2,500-horsepower ship 


turbines, although very smiall-in diameter and of,.a minimum rotation 


will, when operated: in. a 10-inch vacuum’ at full speed, heat up.en 


-turn blue.’ In:our tests we regularly. avoid this by introducing water... 
introduction of water or any fluid, which. may limit this. heat will. 
‘cause a large increase of 


An experiment which suggests the, possibilities. of ‘such. heat. 


hater been meritioned was recently made in. Schenectady, A turbine de- 
signed to operate at 3,600 revolutions per; minute was forced..to..revolve 


in the reverse direction at 2,000 revolutions..per minute. A small amount 
of steam, passed through the buckets in the normal direction ‘while it, depress F. 
being reversed, produced in a: short time a.temperature of, 940; 


in the nozzles of the last stage. 


Temperature variations in actual practice in ship turbines are, to a 
‘extent, limited by the heat-storage capacity of the turbine parts them- 
selves, but there are ne boned to be local heatings and irregular stributions 
of heat, which, with high pe serge ‘cannot ‘fail to. be’ a source’ of 


increased danger. Superheat affords means of greatly increased 


economy 
wherexer turbines are used, and this advantage should ‘not “be’ sacrificed 


ins where fuel economy is of such great ‘im nce. | In’ afi: electri- 
e—in fact, it is likely to increase the’ life of ‘th 

ectrical propulsion of ships may be’ limited under 
s in the governs and since it is undesirable to have to provide 


mod than 60 or les in a motor. For ships’ requiring 3,000 horsepower 
or over and a about 11 knots, at 3,000'revolti- 


tions per minute can be advantageously used, which, with a 60-pole motor, 


give 100 revolutions ‘per prin to the propeller, anda ‘high pro- 
ler efficiency. In higher-speed vessels ‘the ‘Conditions ‘are’ gen 


‘easier. With smaller powers and operating under 100’r 


tions per minute it will generally ae itable to use gears, even if elec- 
trical ‘transmission ‘is ‘adopted. In that’ case it i is desrable to place the 
gears between the sanine and the generator instead of between the motors 
and setter as has been done. 


theperteatblas ship indicates that the greatest ‘difficulties arise 
in the low-speed shige is is probably suet to the fact that, these 
elements reeeive more direct shocks from, the, and ales; that 
give a less perfect lybrication effect,-, There is presumably an, effec- 


tive oil cushioning in high-speed gears whieh i is absent in low-speed asain 
u 


In electric drive equipments it would generally be desirable to 
direct current, exciting current from a separate source, an and. it has been 
thought desirable to combine excitation, lig ting and the driving of auxili- 


aries. The auxiliqries on, most; existing ships involve a considerable unnec- — 


essary loss of power, and. by by. driving them, electrically and exhausting a 
well-designed auxiliary generating unit into the feed heater and into an 
intermediate stage of i. i a very. sped efficiency and ‘simple operat. 


condition can be aff 
following copy of a the ‘possi- 
ower eae with a single screw 


bilities of an application to a 4,000-hor 
operating at 110 revolutions per minute 


riven: ship superheat can. ‘bea source o 
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The: ‘auxiliary ry’ generating thi sive: caine ‘icine, 
‘be‘eapable of affording’ lighting» ‘and! exeitation‘ the :auxiliary 

er which ‘as been contemplated. whilé the ship: is»at These anits 

devigned to run sa: Good water rate. 

= carrying as a spare part a suitable direct-eurrent»motor:and: gear which 
“eould ‘bé' ‘connected’ to the of: the’ main ushaft, :these »auxiliary units 
“are used 'to ‘propel’'the ‘ship: atinearly half-speed:in case ithe maim unit 
motor “were unfit for service. would im any .case~be desirable: to 
‘have ‘auxifiary condensing ‘facilities. for use ‘in ‘port; and these be 
“used: in! such’ an “emergency. etodoud: beara to 


io 

‘One Vos 3800, sper minute, ya 
One- revolutions ‘per, minute, alternating 

Our calculations, concerning Sor mane, cof this equipment show 
the following results, ciency of every is thoroughly 
understood,,it is certain tha be. actually, obtained in prac- 
tice. When the turbine is pen A gh a steam préssure of 265 pounds 


-Bage, at the Be 150, superheat, and 28,5. yacu 
Should . obtai horsepower de to tke 
nds.of steam, mot. including, auxiliary steam... ... 
Jn_giving guarantees, we, must.m tot erro 


pounds. per. sha 
an 2,500. pounds.of steam per hour, also, t 
feed-water 
heen. a 


Motor Input, 

Circulating PUMP.» 1,7 '00/1,000 82.5 

eer lye basgigg 19 lio vit 


Re efrigerating pum Tete 1700. & to yqoo 
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“In addition to the above motors there is included one 20-horsepower, 
900 revolutions per minute induction motor for operating the blower for 
main motor ventilation. In connection with the above motors, while we 
are including hand-operated starting devices, no mechanical parts such 
as pumps, blowers, etc., are includ In other words, only motors and 

“We propose to drive these auxiliaries from two 150-kilowatt, direct- 
current sets, operating non-condensing against a back pressure of 5 
pounds gage, with part of this exhaust used to bring up the feed-water 
temperature te 212 degrees F. and the remainder going into a suitable 
stage in our turbine for additional work. — : . 

“The total flow of steam from the boiler at maximum speed will be 
43,000 pounds per hour. Assuming 14 pounds of steam evaporated pe 

und of oil (same efficiency as Babcock & Wilcox boilers on battleship 

‘yoming), this would require 3,100 pounds of fuel oil per hour, or 33.25 
tons (2,240 pounds) for 24 hours. Thus the water rate, including all 
auxiliaries, lighting, and steam required for heating feed water, should be 
11.1 Fg per shaft horsepower hour. 

“The electrical apparatus proposed for this purpose is of an extremely 
simple and reliable type. Our records over long periods of years covering 
such apparatus show that only about one-tenth of one per cent of the 
motors and generators of such voltage, which are installed in all kinds of 
service, show any electrical trouble in a period of ten years. 

“The turbine is of the most efficient type manufactured for such a 
capacity and is designed with very liberal factors of safety with all the 
most recent features of construction. Such a turbine is capable of run- 

_ ning at a considerable proportion of its capacity if one of its many wheels 
is in operating condition. Packings, bearing sleeves and other perishable 
parts are easily replaceable, so that under almost any combination of 
circumstances such a turbine can be quickly got into operative condition 
after it has been accidentally damaged. ‘ 

“The standards of reliability are so high with such apparatus that it 
is believed that they occasion less risk of stoppage than is incurred in - 
single-screw ships propelled in any other manner. In case, however, the 
novelty of such an equipment raises doubts which may increase insurance 
rates, a motor can be provided as stated above which will propel the ship 
at reduced speeds from power delivered by the auxiliary generating units. . 

It is believed that the operation of these relatively lar auxiliary 

generating units and the use of motors for driving the sastiabios men- 
tioned are justified from the standpoint of economy. Generating units of 
such a capacity will: give a very good efficiency, and their operation in- 

ge of is occasioned by the use of the 

st steam turbine—in fact, the details of the larger turbine. i 
proposal quot ve describes an equi is in i 
much tess liable to trouble or interruption a 
errup hy ‘type of existing equip- 
ment used on a single-screw ship, and at the same time affords, at very 
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small cost for spares, means by which the ship can be run if) the main 
machinery is ‘inoperative. The figures given as. to results are correct and 
dependable,:and are so good that their accomplishment in many:classes' of 
service would pay for the change in three years. With very few excep- 
tions, the prevailing opinion of ‘the most experienced marine engineers is 
that the reciprocating engine for ship propulsion is obsolete. ‘Its replace- 
" ment_is inevitable, and the General Electric Company, with its experience 
.and ‘facilities for development, is ready to; do,.the’-work,—“ Marine 
Engineering.” : 
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2 5H OBPTUARY, by fits high 
te CHIEF ENGINEER CHARLES MANNING, 


Chief Engineer Charles H. “Manning died at his ‘home, in 
Manchester, “N. H.,'on the 8th of April, 1919. 

He was. born th ‘Maryland’ in” 1842, ‘where his people had 
lived for moe than a century. He was graduated at Harvard 
University, i in the class with John D. ‘Long (afterwards Sec- 
retary ‘of the Navy), and. Eugene Hale (so long aU. Sen- 
ator). 

‘He entered the’ oe as a Third “Assistant ‘Engineer in in Feb- 
ruary, 1863, and was assigned to special duty. i in Baltimore. 
was an “urifortunate | order for him, as it ‘delayed his promo- 
tion, having deprived, him of the. essential sea service. Ta 1865 
he was assigned to the Dacotah, on which vessel he. ee 
three years, a period necessary for his promotion to 
Assistant Engineer. His next- cruise was on board 
Seminole, on the H quad was promoted. to 
Passed Assistant Eng to Naval 
Academy. as instructor. |. L. ait” 

1875; be wag ondered to the: the first of the 
Navy, to. make a.voyage with a: compound engine. The voyage 
was to the Kerguelen Islands, i inithe South Sea; for the pur- 
pose. of. the, observation. of, the transit:iof Verius, and 
hazardous, voyage; but productive grand! results.) 
‘His. next.duty was at, the: Naval; Academy, where’ he: re- 
mained three yeats,as instructor: He: served: as Chief Engi- 
neer on board.the Dispatch 1882 and 4882; iafter which he was 
granted leave of absence, which was extended frombtime to 
time,: During) this’ period was unter; treatment for -deaf- 
Department: favored) Chief: ‘Engineer 
ning, as ;his,services were so valuable and it, was ‘desired to 
retain: him,on the active: list, bisod n6 os es siiriot 
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a mem ember of, ‘the 
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He was retired in June, 1884, and at once was made Chief 
Engineer, of the famous Amoskeag Manufacturing Estab- 


lishment at Manchester, at a salary more than three times what _ 
he had received on the a¢tive list '6f the Navy. He was pro- 


moted to the rank of Chief Engineer in the Navy (on the re- 

tired list ); the-vamk.of Eaeutenant Commander, by act of 

Con ress approve «March . Youd’) 
= many provement he made ‘at the works 


ends, soon brought, hur in the limer 


to continue. Personally he, was, one of the most, popular men 
in h his COrps. ‘and one of the bright and Dest informed, He 
was a a | member. of, ths Society since its organization, , He was 

ciety Mec nical Nayal 


rehitects .and “Marine Engin eers Dart fheir 
Wee neers,, and took 


mo 2, 
beeen 


aft, 


The death of Marshall ‘T’en-Broeck. ’At - 


his residence in “Brooklyn onthe 10th ‘of April, after ‘lon 
illness: was. botn:in Albany! in’ 1837, but His eatly’ 
wag spent iin: Hudson: »Hisiipaternial ancestry “was! SéoteH, 
dating period; and his maternal Was 


tiom of New afterwards: New City.”' ‘His 


intiniate ‘dcquairitance with the Engineers of the Navy and 


interest ‘the proféssion' of Steant Engitieeritig began in his 
bebmoixe easy thidw io svsel 
-\ was ‘educated in-the public sthools af Hudson ‘arid inthe 


Hudson: (and ‘he learned ‘the trade of machinist in 


New Vork-City:' ‘On rédching his majority he-wetit to Cali- 


fornia as an Engineer on board the! steaty: ship 
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remained in this service, which traded in Puget Sound, the 
Columbia River and Bay of San Francisco, until the Civil War 
_ broke out, when he was employed to superintend the building 
of two army transports, the Arizona and Clinton, which had 
been taken over from the Hattis arid Morgan Company. When 
the Arizona was completed-he-became her Chief Engineer, 
| carried the Gulf of Mexico for General Banks’ 
to the ~ountry, where the writer. first, met 
e late ‘became a a Chief Engineer i in the Revenue Cutter, 
became the President, of the Davidson Steam, 
ping Company i in| Brooklyn, which | position | he held. until his 
‘The Davidio on Bump soon, famous, ‘and, th ough its 
price was than its, ‘tompetitors, -there was, sale for all, 
that | cou uld be built,” ‘His. hi igh-duty engines: for. city, water, 
works, Of capacity “of ,000,000 gallons ; a day, were ere’ 


famous 


martied hat ae Bame of H dson, who. died i in 1881, leav- 


ing two daugh ers, one of whi “(the Countess. Seckendorff) 
survives. ‘There are five grandct hil 

“He Was a ember of The ‘Union League, ‘Hanover, 
and Manhattan ‘the American. Society of ‘Navy En 
gineers, the ‘Society’ of ‘Mechanical 
. Socidty of Naval’ Architects’ and Marine Engi rs, and Th 

Grand tiny of the Republic.’ 
“Personally he’ was’ charming ‘had hosts) 
friends: “He Wwas always delighted to do a “and gen- 
erous act W. B. pF 10 
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Eighteenth Edition, revised and ‘enlarged by 
LINGHAM, -Teptinted ‘by arrangement with the English pub- 
lishers, D. VAN NostRAND Co., $5. 00 net. igs 

~Lecky’s “'Wrinkles” ‘néeds ‘no introduction. ‘First pub- 
lished i in 1881, successive editions have been deserved! popu- 
lar. ‘The method of treatment employed i is in sharp contrast 
to that of the “American Practical “Navigator” and. Muir's 
Navigation and Compass Deviations,” but the “ wrinkles” 
and short cuts disclosed make the book worth the Partai 
price, 

In this, edition the. greater part ‘of the book. j is hee ‘the 
same as. previous editions. One new ‘chapter, New Meteoro- 
logical Measures. for Old, » discusses.at some length the pro- 
posed adoption of the metric system and, centesimal 
and angular units, . Four, new appendices. are added. 

‘Te is. unfortunate that. a book as. widely, known as, 
“ Wrinkles” choiild, in a 1919 edition, fail, to enlarge, upon, 
the “computed altitude” methods: of obtaining, a | line. of. 
tion. The, Mare St, Hilaire method, using either, a sine-cosine 
or haversine formula or the Aquino tables, has eliminated 
much of the drudgery of working up sights, with the added 


advantage of obtaining a good line of position for any — 
of the observed body.—M. W. B. 
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ASSOCIATION NOTES. 


The following members. ‘and. ‘aqsccigtes have joined the 
Society since the of, the last, of the 
JOURNAL: 


iH 


William M., 116 Ww. 39th St. ‘New York City. 
Brown, Ray E., Lieut. (CC), Ss. N. 
Fallon, H. N., Lieut., U. S. 
Holden, C. F., Lieut, U.S. N.. 

Rasch, F. W., Lieut., U.S. N. 


Pricey Joseph, 203: West 11th St.; New: York silt 
Robinson, R. L., 209 Alddison Avenitie, Palo ‘Alto, Cali. 
Thomas, George S.).Wm., Cramp, &: Sons Co., ‘Philadel- 
phia, Pa. : 
Wardrop, fol Douglas, “Managing Editor; Aerial Age, 280 
Broadway, New York City. 


Please do not fail to keep the Seren 
of your address. 
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REPORT ON THE AMERICAN SOCIETY OF NAVAL ENGINEERS 
FOR THE YEAR ENDED DECEMBER 31, 1918. 
Date: March 24, 
THEO. COCHED, JR., C. P. A. (N. ¥.), Vice-President, A. F. LAFRENTZ, Sec’y and Treas 
C. R. CRANMER, Resident Manager, 


TELEPHONE: 2705 MAIN. 


‘THe Counc, of THe Amenrcan of Navar 
‘Washington, D. C. 


Dear Sirs: We have audited P Seah and accounts of THe AMERICAN 
Society oF Nava, Encrnerers for the year ended December 31, 1918, and 
submit our eport, including Exhibits,'as follows: HWY 
Exhibit “ A.”—Balance Sheet as.at December 31,1918. ,, 

“ B.”—Statement of Income. and 1 Expenditure for ‘the year, en 
December 31, 1918. © 

The result of the operation of the Society for. te yar shows net prone 

We checked the cash to March 20, 1919, at which date Pd ‘Cash Book 
called for $8,056.57, of which $7,858.57 was on deposit with the American 
Security and Trust Company; -the ‘balance; $198.00, represented receipts 
not deposited. 

We verified the securities of the Society by actual inspection. 

Our examination of the financial’ Operations of’ the Society, together 
with the assurances) of; the Secretary; shows) that ‘the was on a 
cash December 31, 1918, with, no. liabilities, 


~ Respectfully’ submitted,” | 
‘Tar American Company, 


Larrentz, 

Attest: 
C. W. Gorrcuins, 


Secretary. 
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ASSOCIATION. NOTES. 583 
“EXHIBIT 


oF Naval, ENGINEERS, 
Washington, District.of Columbia. 
Balance Sheet, As at, December 31, 1918. 


ASSETS. 


Third Issue. 1,000.00 
Liberty Bonds, Fourth 500.00 
Washington Railway & Electric Co. bonds 4,320.00 


He 
$18,629.56 
Net profit for the. year ended December 31, 1918, 
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$4,527.00 | 
Army and Navy ClubD pl, 000.00 
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EXHIBIT *B.” 


Society or Navat: 

Statement of Income and Expenditure, for the year ended December 31, 
1918, 


INCOME, 


4 

Dues 


Publication: - 


Qld. dues 


(06.000. 


Printing 


$7,396.39 
General 


Net- Profit for ted December 1918: 
“Carried to Exhibit 4,269.71 


$13,595.35 


175.00 


554 
| 
i 
| "Drafting 20.00 . 
bent 7 
4 
4 
i 
Ti 
if 


31, 

66 

5 

} 
9 


